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Preface 

PetrolciiTTi gepJof^ has prown in 35 years from a stepchild of ger)Inffy 
with soinewliat ijuestiuTiable parentage to the larji^est and most vigor¬ 
ous of the geological ollspring. In growing it has developed three 
facets or divisions. These are: (1) the geologic occurrence, by which 
is meant the ntigiii and accuiniilation of the natural hydrocarbons; 
i^2.) the geographic nrcurrence nr ilistribution of these sidjstances; and 
(3) the methods and terlinirpies of searchiiig for oil and gas deposits. 

Most authors of textbooks and innnographs on petroleum geology 
published heretofore have tended to restrict themselves to one or at 
niDsl two of these divisions. The attempt is made in this book to 
cover all three, and accordingly the book is divideil itito three parts. 
The first pai t, “Technii|ues of the Petroleum Geologist.” should per- 
liajis come after the geologic occurrence, for it is logical that the oil 
should be formed and trajiped before the search for it is begun. The 
practice is presented before the theory in this book, however, so that 
the beginner will learn the language of the specialist and observe the 
sources of evidence and methods of study used in develojnng the theo¬ 
retical concejjts. However, there is nothing to prevent the reader or 
teai her from reversing this suggested order if he so desires. The ieth¬ 
nical aspects of oil-finding are not presented in professional detail in 
Part 1. These are best learned on the job. The objective here is 
merely to giAe the embryo petroleum geologist a start. 

Part II, “Geologic Occurrence of Petroleum,” is the most viial, in 
my opiiiioii. I'he mure we learn of the origin, migration, and accii- 
mulatiun of oil, the more intelligent will be the jjrospecting and the 
more widespread the results. This "academic” side of petroleum ge¬ 
ology is attually intensely practical. The emphasis wherever f)rcur- 
rence of oil is iliscusscd in this book is on the manner in which the 
hydrocarbons have been trapjied rather than on details of stratigraphic 
nomenclature. 

The concluding section. Part III, "Present and Future Oil Supplies,” 
is largely devoted to the distribution of oil and gas fields about the 
globe, and the regional and local conirols thai have affected accuniu- 
lation. The final chapter is concerned with the possible hydrocarbon 
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spun t-S Ilf till* future. Part III is included mainly for background and 
referL'Tue |)ur|ioscs. It is entirely a coni|)ilatiuii and is not intended 
to be assigned or read w ti)to. 

An appendix, “The literature of Petroleum Geology/' is included 
in order to gi\e ilie student a loniise list of modern references. 

'J’his book is written for the student of jieLroletiin geology regardless 
of vvheibei he is in the classroom or on the job. Petroleum geology 
evolves with such rajiidity that few ran keep up with all phases even 
while practiring the profession. There is no resemblance, except in 
the name oi ihe course, between the petroleum geology 1 expounded 
to students 25 years ago and the rurrent olfcring which has crystalli/ed 
into a hook. Most of the research papers referred to in this synthesis 
had not even been written in 1!)25! 

Both the illustrator, John Jesse Hayes, and 1 have tried to make 
the reading of this hook possible withniit freijuent resort to atlas, 
gazetteer, or lexicon. Inset maps are iniliided with most oii rield illus¬ 
trations so that the geograjdiic location and the position relative to 
other liehls can he seen at a glance. For the political subdivisions 
covered in fihapters H and 10 an index map is inrliided on whiili 
ajipear the geograjjhic names referred to in the text. For the benefit 
of the geologist who does not know the stratigraphy of distant ])lai:es 
formation names are followed in parentheses by the name of the ge¬ 
ologic period. 

It was necessary to close the maiiiiscri|)t to the inrinsion td’ new 
material on July I, 11)50, when the iiiaiii part went to the typesetter. 
The [illy issue of the liulhtiri o/ ihr /tunn icfni Assot uf 

Irurn with the annual review of foreign lields arrived alter 

this deadline, as did the July Journal of l*etrolntm Tf'clniolf)^y, with 
ariiiles on North Central 'Fexas, .South Central 'I'exas, Kentucky, 
Missouri, and Nebraska. 

May you enjoy the rest of this book, whether )oii be a page skipper, 
browser, or thorongh reader! 

Ki:nni:iii K. Landks 

Jtiniiary 7, 7^57 
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INTRODUCTION 


Chapter 1 

THE PROFESSION OF 
PETR O L E U M G E O LOGY 

DEFINITION AND IMPORTANCE. Pt-hnlcum i\s the 

utilizfitirni of in the search for, and in the exploitation of, 

deposits of petroleum and natural gas. Thu liquid and gaspous liydro- 
(arl)Oiis are sn iiitiiiialely assodaled in nalure Lliat it is cusitnnary 
ii) shorten tlie ex|jre.ssiijn “peiiolcuin and naiural i^as” to "petroleum" 
or "oil” and assume the inrlusion of natural f^as. That practire will 
lie followed in this hook. 

'J'he petroleum imlustry has profited iniirh by its liaison with 
ireoloiry. l)urin/r 1!M!) ihe sites for approximately four-fifths of the 
wihhat wells (wells drilled outside the boundaries of known oil fields) 
drilled were seleited for geolojtiial reasons: of this number 13 per 
eeiit became ili,s(Overy wells and ft7 per rent were failures. However, 
aiiiono the one-fifth of ihe wildrat w'clls that were drilled without 
benefil of ^errlot^icnl adviie, only 3 per rent beeame eoininereial 
produrers and 97 |Jei rent were Failures.^ For this reason every pro- 
duiiii^ umipaiiy of any maRiiiiude has a geoloi^ieal slalf, and more 
^Toliii;ists are employed in the oil industry than in any other branrh 
of the profession. It has been estimated that the number of |[rfoluf^ists 
and ireojjhysirists ennajrt*d in the peiroleiiin industry on January 1, 
1!).5(), was in excess of 7697.- 

The prartiral value of |[^eolon[)^ “ in oil finding is fairly well known, 
but the benefits that have aiirued to geology through exploration 
for oil have nol been adequately appreciated. 'Fhc search for new 

1 r. II. l.aliciT ([:li:iinn:iii), "Expliinuniy in iniD.'' Uiifl. //hi. .4.s.wjr. 

/’f/rri/. twrnl., .’i*! (|iini*, HEiO), pp. IMK’j-ini.i. 

-.A. R[)ilf;L‘r DiMiisiiii “RfjHirl ol Gum mi 11 cl* ini Survey nl Gco][)F;ii::il 

Emploviiiciil." ttull. .Iin. .I.ssnr. Pr/rnt. firof., Vnl. 31 (June, I’lril)), p. l.’I.fi!). 

Ira 11. Grain, ‘‘liiMilu^y Is Gscliil." Itntt. /Im. /Issue. Peirol. Cirol. (January, IIHH). 
pp. I-JO. 
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deposits of oil and gas has led to geologic mapping in all parts of the 
globe, thereby greatly increasing our knowledge of world geology. 
By drilling thousands of wells, and by sharing with others the geological 
records of those wells, the petroleum industry has made possible a 
far more accurate picture of the third dimension in the earth’s crust 
than ever could have been achieved by extrapolation of surface ob¬ 
servations. DeGolycr,^ as long ago as 1921, pointed out some of the 
geological discoveries that were due to the exploration for oil, and 
many more could be added to the list today. Examples are the 
discovery of (1) buried crystalline rock mountains and uplifts, such 
as the Nemaha granite ridge of Kansas and Oklahoma; (2) the great 
thickening of the sedimentary rock column in basins of deposition 
and in embayment areas such as the Gulf Coast; (3) enormous vertical 
prisms of salt (“salt domes”) in the same region; and (4) the existence 
and location of valuable deposits of helium, carbon dioxide, coal, 
limestone, natural brines, rock salt, potash, and sulfur as well as oil 
and gas.*’ From the records of wells drilled for oil, geologists have 
been able to add many new chapters to the sedimentation and dia- 
strophic histories of the earth’s crust.'’’ Old shorelines and buried 
stream beds have been mapped; ancient reefs have been discovered; 
hidden faults have been recognized; and evidence of volcanism in 
supposedly “quiet” periods has been found. From a purely scientific 
standpoint, deep wells drilled for oil have made possible the measure¬ 
ment of earth temperatures in the uppermost four miles of crust.^ 

filing ^ has aptly stated, “. . . if geology has contributed greatly 
to the growth of the oil industry the debt is not a one-sided one. 
Geology owes a great deal to the oil industry in the expansion of 
its knowledge and the increased efficiency of its methods. ... ft would 
be well to bury the terms ‘Pure’ and ‘Applied’ geology so long as 
they are used in a separatist sense. There is only one geology, fts 
purity depends on its truth, not on its application.” 

* E. DeColyer, “Debt of GcoU)R[y to the Pcirolciiin Industry," Bull. Am. Assoc. 
Petrol. i'.eoL, Vol. 5 (Mny-Junc, 1021), pp. 394-398. 

5 Hii||rh D. Miser, "Some Nnles on Gcoloi^y and Gcolof^ists, 1907-19-17," Bull. Am. 
Assoc. Petrol. GeoL. Vol. .32 (July, 1948), pp. 1340-1,318. 

«F. H. l.ahee, “rontributions of Pctmlcuin Geolnj^y to Pure Cicolof^y in the 
Southern Mid-Continent Area," Bull. Am. Assoc. Petrol. Geol., Vol. 43 (1932), 
pp. 953-961. 

' Hiiffh D. Miser, “Our Pelroleiiin Supply,” Jour. Washinfrton Arad. Sriences, 
Vol. 29 (March. 1939), pp. 93109. 

8 Vincent C. lllin|^, "InMucncc of Oil on Gcolof^y," Oil IVeekly, September, 1916, 
p. 176. 
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BRIEF HISTORY OF THE PETROLEUM INDUSTRY.® Oil 

and gas were used by man for many years before their production 
became an industry. The use of seep oil and asphalt in the Mediter¬ 
ranean area in the calking of water craft fincluding the Ark of Noah 
and the amphibious cradle of the infant Moses) extends back into 
earliest history and no doubt into prehistory. In the New World 
seep oil in northern Pennsylvania and western New York State was 
collected by both Indians and pioneer whites for use as lubricant, 
liniment, and laxative. 

In the later pre-industrial history of oil and gas these substances 
were found by accident while wells were being drilled for water or 
salt brine. The art of drilling a well is an ancient one; Goodrich 
reports that a well was drilled in China for salt to a depth of 4.50 feet 
circa 221 u.c. Brine wells in the Alleghciiy Mountains were reaching 
depths of HOO feet by the middle IBOO's and an artesian water well at 
St. Louis was bored to a depth of 2193 feet in 1854. 

During the first half of the nineteenth century the most actively 
drilled area in the United Stales was a belt extending from New York 
State across western Pennsylvania and eastern Ohio into West Virginia 
and Kentucky. Here natural brines, from which salt was obtained 

B Samuel W. ''tail, T/iff WiJiIcatiers (Princelim IJiiiv. Press, Princelnii, N. J., 1946). 

Harry llnt.sruril, The Valley of Oil (Haslin^s Hinise, New York, 1.946). 

Waller M. 1-udis, When the Oil Wells Run Dry (Dover, N. H.. 1946). 

Paul nidflen.s. Beginnings of the Petroleum Industry (Penn. Historical Conimis- 
sion, 1.941). 

Paul Giiklcns, Birth of the OH Industry (Macinillan, New York, 19.^H). 

IJ. S. Genlo|*iral Survey, "A K^'sunir of Geoloi^y and Occurrence of Petroleuin 
in I he IJnilcd Sialcs," .S.^i d Congress (Hearin^ 5 .s on H. R. 441, 1931). 

Gerald Forbes, Flush Production (Univ. nf Okla. Press, Norman, Okla., 1.942). 

Harold 11. (k)odricli. “Early Discoveries of J’elroleum in the United Slates,” Evon. 
(ieol., Vol. 27 (Maicli-A|)iil, 1932), pp. 160-16H. 

Harold H. Goodrich, “Early Exploration Methods,” World Petroleum, Vol. 10 
(May. 19-39), pp. 32-.37. 

Eiifreiie A. Stephenson, “The Natural Gas Industry,” Elements of the Petroleum 
Iiidnstry {Am. Inst. Min. Met. Engineers), Chapter 19, pp. 430-^.52. 

Sir lloverton Redwood, Petroleum (J. B. Lippincolt, Philadelphia, Pa., 1922), 
3 vols., .fith edition. 

R. F. Bacon and W. A. Hamor, The American Petroleum Industry (McGraw-Hill, 
New York, 1916), 2 vols. 

E. DeGolyer and Harold Vance, "Bihliof^raphy of the Petroleum Industry,” Bull. 
A. and M. Coll. Texas, 1944, Thirly-.seveii “early historical references” on pp. 
695-696. 

E. DeGolyer, “Sevcnly-Five Years of Projjre.ss in Petroleum.” Seuenty-Five Years 
of Progress in the Mineral Industiy (.Am. Inst. Min. Met. £n|;inecrs. New York, 

1948) , pp. 270-302. 

Carl Coke Rister, Oil! Titan of the Southwest (Univ. Okla. Press, Norman, Okla., 

1949) . 

loop. cit. (1939). 
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by evaporation, could be found at relatively shallow depths. In a 
few places gas was struck. It was used as a fuel in salt processing, 
and in 1821 it was used to light the community of Fredonia, New York. 
Other wells struck oil, to the great disappointment of the operators. 
In a few instances this oil was bottled and sold in the same manner 
as seep oil, but most was allowed to go to waste. 

The curtain could rise on the petroleum industry only after the 
stage was properly set. By the beginning of the nineteenth century 
man was rebelling against going to bed at dusk. He was learning 
to read, and that required a better illuminant than an open fire. The 
urbanization movement was under way, and street lighting became 
desirable. A satisfactory lubricant was necessary for the machinery 
of a growing mechani/ed civilization. All these demands were to 
increase manyfold during ensuing decades, and to them new demands 
were added. 

For centuries previously, the relatively modest demand for oil had 
been met by the whaling industry. But the growing demands ol 
llie 1800’s soon depleted the whale supply so that by 18.50 whale oil 
was selling for as much as .|2.5() a gallon. The rising price had 
accelerated the search for a substitute, and it was found in kerosene 
or “coal oil” obtained from coal by distillation. During the decade 
18.50-1800, .50 plants wn^rc built in the United States alone to make 
kerosene from coal. Although “coal oil” could compete successfully 
with whale oil, it was si ill a relatively expensive product. 7’he coal 
had to be mined, destructively distilled, the resulting oil refined, and 
the waste a.sli disposed of. Vhe stage was .set for an oil direct from the 
earth which only needed refining in order to qualify for a rapidly 
growing market. And the “coal oil” refineries could be, and many 
of them were, converted readily to tlie refining of crude oil. 

Although petroleum had been marketed in relatively minor amrmnts 
throughout historic time, including that from wells dug by hand in 
Rumania during the later years of the 1850's, a group of individuals 
operating in the United State.s, likewise in the late lB50’s, is generally 
credited with initiating the petroleum industry. Among the members 
of this group were George H. Bissell, youthful New York lawyer; 
James M. Townsend, New Haven banker; Benjamin Silliman, pro¬ 
fessor of chemistry, geology, and mineralogy at Yale University; Edwin 
L. Drake, colonel by courtesy and ex-railroad conductor by vocation; 
and William A. Smith, brine well driller. In modern terminology 
these men were respectively promoter, financier, technical adviser, 
tool pusher (drilling superintendent), and driller. It would be plea.s- 
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ant to record that the location for the well destined to be the discovery 
well of the world was made by geologist Silliman, but that is not 
the case. Prolessor Silliinan’s contribution was in the form of a 
chemical analysis and an optimistic report concerning the potential 
usefulness of the oil which enabled banker Townsend to raise the 
needed capital, mainly in New Haven. The well was located 
in June of 1859 near I’itusville, Pennsylvania, close by an old oil 
spring, and on Aiigusi 2.1 at a depth of 09'/^ feet oil began entering 
the well, and the first oil boom was under way. I^iterally thousands 
of wells were drilleil in western Pennsylvania within a few' months 
of the completion of the Drake well, as it came to be called, and the 
search soon extended into neighboring states and far beyond. By the 
turn of the century oil was being produced commercially in Ohio, 
West Virginia, Kansas, Oklahoma, 'I’exas, Colorado, Wyoming, Cali¬ 
fornia, Canada, and on other continents. 

Not even a brief history of the oil indusiry would be complete 
without mention of the role played by the automobile and other 
twentieth-century machines. With the development of the internal- 
combustion motor and its employment in ever-increasing amount in 
the automobile and more recently the airplane, the demand for gaso¬ 
line grew from practically nothing to nearly 100 million gallons daily 
in 1918. This demand has been met in two ways: (1) by the continued 
discf)very of vast new oil deposits; and (2) by technologic discoveries 
which permit higher gasoline yield from the hydrocarbons wrested 
from nature’s reservoirs. In the latter category is cracking, a refinery 
jjrocess which increased the yield of gasoline from crude oil from a 
straight distillation average of 13^^,', in 1912 to 50% by 1938. A more 
recent development has been hydrogenation, by means of which a 
barrel of crude oil can be made, theoretically at least, to yield a 
barrel of gasoline, or any other desired hydrocarbon. The latest 
innovation in hydrocarbon jirocessing is polymeri/ation, a method ol 
converting natural gas into gasoline. 

The mechanical age has also produced an ever-increasing demand 
for lubricants. The growth of the railroad systems in the latter hall 
of the nineteenth century, and their adoption of petroleum products 
for lubricants, gave initial impetus to a demand that is now second 
only to that for gasoline. Other products with a large market today 
include furnace oil and diesel fuel. The modern merchant marine 
and the navies of the world are large consumers of fuel and lubricating 
oil. Kerosene, once the number one product in the United LStates, 
still has that rank in countries where electricity is not widely available. 
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Natural gas, formerly u^asted into the air if no market was available 
ill the immediate vicinity, is now piped thousands of miles for use 
in home and factory. No longer need the geologist worry about lack 
of sale for his discovery; if oil or gas are present in commercial amounts 
they eventually will find a way to market regardless of distance or 
topographic barriers. 

evolution of oil finding.” The methods that are used, 
and have been used, in the search for new supplies of oil and gas 
can be classified into non-geologic and geologic. At first the only 
methods were non-geologic; today, though both non-geologic and 
geologic methods arc used, the latter predominate. Pelroleurn geology, 
as employed in oil finding, can be divided into four chronological 
stages: preprofessional, infancy, adolescence, and maturity. 

Nun-Geologic Methods Used in Oil Finding. The Drake well and 
its immediate successors were drilled in creek bottoms. Hiercfore, 
the first rule of thumb to be followed in prospecting for new supplies 
was to stick to creek bottoms. “Creekology"' reigned supreme until 
some rugged individualists drilled successful wells on the uplands. 
It was next observed that the Appalachian oil pools were much longer 
than they were wide and that their long axes trended about N 30° E 
(which is the strike of the rocks in this region). Consequenlly, follow¬ 
ing the trend, or "ruler geology," became the vogue, and it is still 
good practice where the traps tend to be elongate. Tbe discovery 
of the prolific Spindletop oil field on the Texas Gulf Coast led 
prosfieclors to seek topographic mounds similar to the one overlying 
the Spindlelop salt plug. Drilling in the vicinity of gas seepages 
and associated "paraffin dirt" deposits was also an effective discovery 
method in the Gulf Coast area, and uiJLseeps have served successfully 
as criteria of buried oil pools the world over wherever the rocks have 
relatively steep dips. 

All these methods have had a fair degree of success because they 
have scientific basis, although the prospector using such a method 

11 J. V. Howell, "Hisloiitiil DevelD|Jincnt of StruLLiiral I'licory of Amimululiun 
of Oil and Gas,” Probleins uf Petroleum Gcofogy (Am. Assot. l*cnol. (ieoJ., 1931), 
pp. 1-23. 

Win. B. Hcroy, "Petroleum Geology; Geology, IH8S-193B,” Geol. Sou. Am. 
30th Anniversary Vol. (1911), pp. 512-548. 

Ralph Arnold, "Two Decjide.s of Petroleum Cicnlogy, 1903-1922/' Bull. Am. Assoe. 
Petrol. Geol., Vol. 7 (Novcmher-Decemlier, 192.3), pp. 603-624. 

E. DcGolyer, “Develoimicnt of the l ecliniquc of Pro.sperling,” Science of Petro¬ 
leum (Oxford IJiiiv. Press, 1938), Vol. 1, p. 268 el scq. 

Paul H. Prii:e, “Evolution of Geologic Thought in Prospecting for Oil and 
Natural Gas,” Bull. Am. Assoc. Petrol. Geol., Vol. 31 (April, 1947), pp. 673-697. 
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may know liLtJc ami rare less about any possible scientific connection. 
Even "rreekology” ran be explained, for in the Appalachian region 
trellis drainage is common, and many of the streams are subsequent, 
paralleling the strike of the rock formations. However, there is 
another group of non-geologic prospecting methods that has no scien¬ 
tific explanation and is no more successful than is possible under the 
laws ol chance. Here we have the dowser, who throughout historic 
time has sought water, buried treasure, escaped criminals, and, more 
recently, oil, with a forked stick. The dow\ser has been largely 
supplanted in the oil fields by the “doodlebiigger” who has a fancy 
gadget in place of a forked stick, and who glibly uses scientific words, 
I he meaning n\ \vhith he knows not. In the same category, but 
perhafjs more honest, are those who determine the location of wells 
by hunches, or because of a commitment made while obtaining a 
block of leases. It would be quite inaccurate to claim that these 
unscientific methods never led to the discovery of an oil field; it 
would he just as untrue to state that no blindfolded child ever suc¬ 
ceeded in pinning the lail on the donkey. 

The Preprofessional Stage in Petroleum Geology. Howell has 
published a detailed atcount of the development of the structural 
theory of oil and gas accumulation. In 1HJ2 William Logan, pioneer 
C'anadian geologist, noled the presence of oil seeps on anticlinal crests 
in the Gaspe Peninsula. Nine months afier the drilling of the Drake 
well, in IHfiO, Professor Henry D. Rogers called attention to the 
anticlinal local ion of the new wells in Pennsylvania; the Drake well 
itself was drilled on an anticline mapped by Rr)gcrs years before 
and published in 18.58. The first clear slatcnient of the anticlinal 
theory was made by another Canadian, f’. Sterry Hunt, in 1801. 
In the immediately succeeding years many others wrote regarding 
the anticlinal iheory. In the iiieanliiiie, in I8fi(), Alexander Wimhell 
noled dial unfractured sandstones were siifliciently porous to contain 
oil. 

The Infancy of Professional Petroleum Geology. In the early 
I 88(Vs Professor I. C. White rediscovered the structural theory of oil 
and gas accumiilaLion and then proceeded to apply his knowledge 
of geology to the discovery of oil and gas fields. He was singularly 
successful in this regard. Relween 1884 and 1889 he located the 
discovery wells for the Washington, Pennsyhaiiia, oil and gas field, 
the Grapefield gas field, the Belle Vernon field, the Mannington field 

1- Op. vit. 
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()1 West Virginia, anil others^'* 1 atci ideologists, ivoiking in this same 
area, have notid the exticinely eiialic n.ilme ot the icscivoir sand¬ 
stones and have questioned the applicability ol While’s tlieoiies to 
this proMiKL, but the iait icniaiiis that he did use geology in the 



Tif;. 2. Prnre.s.sor I. C. VVliilc HR 18-1927), wlin first j)iir ^c-nlo/^y to work in ihf 
siicrcssliil sc’iuch Inr nil and gas. C'riui^ff.vy Geulo^irnl SrtrirAy of Awrrirn. 

siicresslul searih lor new oil and gas fields, thereby initiating the 
prolession ol petroleuiri geology. 

During the remaining years of the nineteenth century, Dutch 
geologists wTie employed professionally in the search for oil in the 
East Indies, and British geologists were likewise engaged in Mexico. 
In 1897-1898 geological departments were started in two companies 

1^1. C. While, “ l liL’ Mannington Oil Field and the History of Its Development," 
Bull. Geol. Sue. Am.. V'nl. 3 fApril, 1892), p. 195. 
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in California. During the first fifteen years of the twentieth century, 
tlic U. S. Geologiial Survey published an imposing number of papers 
and monographs on the geology of various oil fields. The effect was 
twofold; the oil lonipanies became convinced of the utilitarian value 
of geology, and those companies extensively raided the U. S. Geological 
Survey for geologists to establish geological staffs within their organ¬ 
izations. So new is the profession of petroleum geology that most 
of these "pioneers” are still alive. 

Professional Stage—Adolescence. The period 1911 to 1921 was one 
of great discoveries in the Mid-Continent, Gulf Coast, California, and 
elsewhere. Most, but not all, of these discoveries were due to the 
application of geology. By 1915 geological staffs were the rule rather 
than the exception in company organizations. The American Associ¬ 
ation of Petroleum Geologists (the Southwestern Geological Society 
at first) was born in 1917. The geologist was engaged in mapping 
anticlines or, especially on the Gulf Coast, in searching for surface 
indications. For this work a general training in geology was adequate. 

Professional Stage—Maturity. Beginning in the early 1920's the 
ger)logist engaged in the search for new supplies of oil and gas had 
to becr)mc a specialist in petroleum geology. In the first place most 
of the anticlines discernible at the surface were mapped, and, secondly, 
it became increasingly obvious that anticlinal folding was but one 
of a ininiber of faciors important to the localization of oil and gas 
in coiiimercial deposits. New techniques w'erc developed, and knowl¬ 
edge was cx(ended into hitherto unknown or neglected fields. Micro- 
paleontology, geophysics, sedimentation, diagenesis, stratigraphy, and 
palcogeology have all become essential sciences to the modern pe¬ 
troleum geologist. 

The first subsurface laboratory was established in 1919, and micro- 
paleontology^^ was introduced in 1920. The peak years for plane 
table surveying were 1920 and 1921. Core drilling, which enables 
the geologist to map the bed rock structures where, for one reason 
or another, usually inadequate outcrops, such mapping is not possible 
at the surface, began in 1919 and reached a peak in the 1920’s. The 
torsion balance was introduced in 1920 and the seismograph in 1923. 
It is interesting to note that the possible applicability of the scismo- 
giaph to structure mapping was discussed by J. A. Udden, State 
Geologist of Texas, in a paper read in 1920. The geophysical instru¬ 
ments had their period of maximum return in the later 1920’s and 

Hubert G. LSchenck, "Applied Paleontolu/rv,'’ Bull. Am. Assoc. Petrol. Geol., 
VdI. 24 (October, 1940), pp. 1752-1778. 
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early 1930’s. Since 1917, subsurface f^eology, which is the study of 
the lithology, structure, and geologic history of the sedimentary section 
by means of well records, including both logs and samples, has grown 
steadily and is now an important part of the organization of every 
geological department. Today more oil and gas field discoveries are 
credited to subsurface studies than to any other oil-finding technique. 

PRESENT TRENDS IN PETROLEUM GEOLOGY."® Petroleum 
geologists are currently thinking and working in the direction of: 
(1) rising above the prejudices which have shackled oil-finding from 
the start; (2) developing new oil territory by extending exploration 
far beyond previous lateral and vertical boundaries; and (3) continued 
improvement of the tools and techniques of exploration. 

Overcoming the Mental Hazards to Oil Exploration. From the 
very outset of the oil industry one of the greatest barriers to expanding 
production has been ultraconservative thinking. “There would be 
mirth-provoking irony in a map of the United States showing the 
boundaries, lateral and horizontal, beyond which dogmatists have at 
one time or another said oil could not be found—which mental barbed- 
wire fences have snapped under the irrepressible urge of the wild¬ 
catter.’* Throughout the relatively brief history of oil exploration 
such man-created barriers as “commercial oil deposits cannot occur 
in limestones,” “structural basins cannot contain oil fields,” "there is 
no oil below the Mississippi lime [or the Dundee, or what have you],” 
“red-bed areas arc Vjarren,” and “there is no oil west of the Nemaha 

15 E. DcGolyer, "Eiiline Positinii of Petroleum Geolnj^y in ihe Oil IiuliisLiy/’ 
Bull. Am. Assoc. Pelrol. Geol., Vnl. 24 (Aui^iisl, IHIO), p. 13H9; “Notes on Present 
Sliiius of Problem of Exploration," Bull. Am. Assoc. Petrol. Geol., Vol. 26 (July, 
1942), pp. 1214-1220. 

A. 1. Levoisen, “4 rends in Petroleum Geoloi^y.” Econ. Geol., Vol. 3G (December. 
1941), pp. 763-77.3; "Discovery Thinking," Bull. Am. Assoc. Petrol. Geo/.. Vol. 27 
(July, 1.91.3), pp. ftH7-92H. 

R. C. Cnfhn, “Rerciit Trends in Gcologiral-Gcopliysical Exploration and Mcthod.s 
of Improving U.se of Geophysical Data," Bull. Am. .4.\soc. Petrol. Geol., Vol. 30 
(December, 1.94G), pp. 2013-2033. 

Research Commit lee, Am. A.ssnc. Petrol. Geol., A .Symposium ou Petroleum 
Discovery Methods (Tul.sa, Am. Assoc. Petrol. Geol., 1942). 

A. R. Denison, “.A Challenge to Geology,'’ Bull. Am. Assoc. Petrol. Geol., Vnl. 2B 
Quly, 194^). pp. 897-901. 

M. G. Cheney, "The Geological Attack," Bull. Am. .'tssoc. Petrol. Geol., V'ol. 30 
(July, 1946). pp. 1077-1087. 

Eugene Holman, 'Taring Forward," Bull. Am. Assoc. Petrol. Geol., Vol. 30 (July, 
1946). pp. 1099-1103. 

Earl Noble, “Geological Ma.sks and Prejudices," Bull. Am. Assoc. Petrol. Geol., 
Vol. 31 (July, 1947), pp. 1109-1117. 

15 .Samuel W. Tail, Jr., The Wildcatters (Princeton Univ. Pre.ss, Princeton. N. J., 
1946), p. xiii. 
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l^ranitc ridge” have been demolished by men who had both vision 
and a capability for rourageoiis thinking. Recent discoveries of oil 
in the so-called Weber “qiiart/ite” and in sediments of continental 
origin have blasted two more firmly entrenched prejudices.'^ 

Another handicap to discovery has been the tendency to permit a 
dry hole to condemn an entire township, or county, or even larger 
area. Actually, of course, a ilry hole condemns little more than its 
own area, and several cases are on record where producing wells have 
completely surrounded an earlier drilled dry hole. 

The fart ihal the mental hazards listed above, and countless others, 
have been overcome does not mean that there are no prejudices today. 
Ewry district coniaiiis geologisis who dogmatically confine the occur¬ 
rence of oil to certain areas ami stratigraphic depths. All too often 
these men are in i harge of company exploration programs, and expan¬ 
sion of oil production is impeded by their presuniptions. However, 
the present trend in j)etroleum geology appears to be in the direction 
of less i)rejudiced thinking. I’he com])any geologist must also, of 
course, weigh the costs of a new exploring venture against the probable 
returns; therefore economic factors as well as prejudices may lead 
to the rejection of a ])ro|)used cxjdoration. 

The Development of New Provinces. Oil has become a commodily 
ol such value that no area, no matter how remote, is considered “oiii 
of hounds,” and geologists are no longer closely reslrictcd in the 
amount of money they can spend in exploration. As a result, oil 
is now being sought in such distant places as the polar regions; al 
grealer depths than ever l)efore reached; and beneath “geological 
masks” heretofore considered loo expensive to penetrate. Noble 
lists, as e\amj)lcs of geological masks: water, thrust sheets, volcanic 
rocks, high-velocity limestones, and unconformities. Much activity 
has already been shown in cxjjloriiig lor new oil deposits beneath 
the waters overlai)iniig the continental shelves. This explmatimi 
has met with some degree of success, and submerged areas will no 
doubt continue to be investigated as potential oil “lands.” 

Improving the Techniques of Oil-Finding. In the preceding section 
on the evolution of oil-finding it was noted that during the 1920's 
and early WVMYs the emphasis in exploration method shifted from 
the suilace stiiutuic mapping through core drilling and geophysical 
surveying to subsiirlace geology. Kach one of the first three of these 
oil-finding leihni(|U0s reached a peak and then declined fairly rapidly. 

Kali Niihle, ol). rif. 

Kali Notilu. oji. ril. 
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This decline has occurred for two reasons: (1) the fact, brought out 
by DeGolyer,^® that a technique (a single operation in the search for 
oil) exhausts its possibilities by being used; and (2) the initial success 
and resulting popularity of the succeeding new method. However, 
in regard to the first point, it should be realized that complete ex¬ 
haustion of possible application is more of a theoretical than an 
actual end point. Whenever a shift of scale, as from reconnaissance 
to detailed, is introduced, the entire area can be rerun with the old 
method, but with the occupation of many more stations. Likewise 
the opening up of a new territory for exploration, whether it be 
lateral or vertical, will give further impetus to old methods. There¬ 
fore, even though the applicability of an old technique may and docs 
diminish, it may be a long time before it disappears. 

The phenomenal successes of geophysical prospecting led to the 
crowding out of surface geological method in some areas long before 
it had exhausted its possibilities. Both in the Gulf Coast and Rocky 
Mountain provinces considerable chagrin has been caused by the 
realization that oil fields discovered by geophysical means could have 
been found just as easily by the far cheaper surface method. Accord¬ 
ing to Russell,-” twenty-four fields in central and northern Louisiana 
could have been found by surface mapping, but only two actually 
were so discovered up to 1941. Surface mapping is credited with 
assisting in the detection of an additional six fields, leaving sixteen 
in which the possibilities of discovery by surface geology were ignored. 
1 he first oil discovery in Mississippi was brought about through sur¬ 
face geology, although the state had previously been covered several 
times by geojjhysical surveys. Russell also points out that in 1941 
detailed surface structural studies had just made a beginning in the 
northern Gulf Coast region, including parts of Texas, Louisiana, 
Arkansas, Mississippi, Alabama, and Florida. 

A highly significant trend in petroleum geology has been a growing 
awareness of the value of combining and coordinating oil-finding 
techniques. It is now realized that the various exploration methods 
are not mutually exclusive and should not be considered to be com¬ 
petitive. The exploration department of a modern oil company is 
so organized that it can support one oil-finding technique by the use 
of any others that may be applicable. In 1942 approximately 200 

10 E. DeGnlytr, “riiliiic Pusiiiim of Pelrnleiiiri CiEolngy in ihe Oil Inrliistry,*’ 
B\Ul. Am. Asxor. Petrol. GeoL, Vol. 24 (Auf^usl, 1940), p. 1389. 

■in R. Dana Russull, "Fuiiire of Field Geology,” Bull. Am. Assrfc. Petrol. GeoL, 
Vol. 25 (February, 1941), pp. 324-326. 
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petroleum geologists contributed opinions to a symposium on pe¬ 
troleum discovery methods.-^ A summary of the replies shows that 
more geologists favored “improving and coordinating all methods’' 
as a better approach to the problem of oil and gas discovery than any 
other method.-- 

Of greatest importance to future oil discovery is the growing trend 
toward more fundamental research. Heretofore, the geologist has 
been able to find new oil fields by the mere recording of structural 
dala obtained by plane table, well, or seismograph. But most of these 
relatively easy-to-disrover fields have been found, or soon will be, so 
it becomes necessary for the geologist to learn how to locate the more 
difficult stratigraphic and combination type oil and gas traps. For 
this work he must be more lhan a recorder of formation elevations; 
he must be an interpreter, a speculative geologist. Interpretation 
and speculation of practical value can be built only upon accurate 
knowledge of geologic processes and geologic history; of sedimentation 
and stratigraphy: of diagenesis and diastrophism. Only by detailed 
paleogeologic studies can the presence and location of such potential 
traps as facies changes, porosity wedges, o\’erlaps, and unconformities 
be determined, or the relative timing of petroleum generation and 
trap creation be ascertained. Such paleogeologic studies constiuue 
research of the purest type, but unfortunately there are large areas 
where they cannot be carried out, owing to the paucity of fundamental 
subsurface informalion. 'I hc more an area of adequate sedimentation 
has been explored, even unsuccessfully, the greater are the changes 
of nil discovery. 

But no matter how great the improvement in the science of oil¬ 
finding it is doubtful that the element of chance can ever be elimi¬ 
nated. “Success in exploration depends upon luck and skill. What 
ilie proper proportion of each may be, I do not know. Success can be 
due, as it has been due many times, to luck alone, but 1 doubt whether 
il can ever be due solely to skill. Fhe most perfect of prospects, 
selected by the most refined and exact of techniques, may be a failure. 
On the other hand, a prospect drilled at random for mistaken reasons 
or no reason at all may result in the discovery of a new and important 
oil field." 

Rcscnrcli Coin ni it tec, Am. Assne. Petrol. C«enl., A Symposium on Petrole 
nisfovpyy Metfiiuts (Am. .\s.sor.. Petrol. Gcol., nil2). 

C;. Doll "Graphic: Arraii^>L-iiicnt ot a Symposium on Petroleum 

Mcthoils," Bull. Am. A.ssoc. Petrol, (leol., Vol. 26 (Aumisl, 1312), pp. 1110-1112. 

K. neCitilycr, "I’oi euDitl,” in Carl Coke Rislcr, Oil! Titnn of the Soulhwesl 
(l)niv. of Okla. Press, Nonnan, Okla., 1349), pp. viii-ix. 
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Future of the Oil Industry. There is no reason to believe that 
the demand for oil and gas will not continue to increase each year 
as it has done, with few exceptions, from the very beginning. 
Holman estimated in 194fi that in the United States during the 
succeeding twenty years we would require 30 billion barrels of new 
oil, if our 14-year “stockpile” was to remain intact. This 30-billion- 
barrel figure is equal to the total oil produced in the United States 
up to 1946. 

Future of Geology in the Oil Industry. It is obvious that if the 
oil industry is to discover and produce as much oil in the two decades 
1946-1965 as was produced between the year of the completion of 
tlie Drake well, 1859, and 1946, it will need all the help from geology 
that it can get. The immediate future should see continued expansion 
of geological staffs in order to meet the enormous demand for oil and 
gas. 

Some have expressed the fear that the discovery of a direct method 
for locating oil might do away with petroleum geology as a profession. 
Such a discovery is always a possibility, but it is highly improbable 
that the device would be so perfect that interpretation on the part 
of the geologist would not still be necessary. The invention of the 
X-ray and its application to medicine has not displaced the diagnos¬ 
tician; on the contrary, it has given him an additional and valuable 
tool. 

Pratt-" has pointed out the permeation of the oil industry by 
geology, and the trend toward geologic administrators in company 
organizations. 

TRAINING FOR PETROLEUM GEOLOGY.^" Much time has 
been spent in recent years in discussing the academic background 
considered essential to a career in petroleum geology (Am. Assoc. 
Petrol. Geol. Committee) or to geology in general (Conferences on 

24 Eugene Holmnn, “Facing I'orward/’ Bull. Am. A.ssoc. Pelrol. Geol., Vol. 30 
(June, 1946), pp. 10.99-1103. 

25 Wallace Prall, “Cienlogy in the Petroleum Industry,” Bull. Am. Assoc. Petrol. 
Geol., Vol. 24 (July, 1940), pp. 1209-1213. 

2 5 Reports of Coiniiiillce on C^ullege CuiTinila. Bull. Am. Assoc. Petrol. Geol., 
Vol. 25 (May, 1.911), pp. 969-972: Vol. 26 (May, 1912), pp. 942-946; Vol. 27 (May, 
1943), pp. 694-697; Vol. 28 (May, 1941), jip. 670-675; Conferences on Training 
in Geology, Geol. Sor:. Am. Interim Proceedings, March, 1946; June, 1946; March, 
1947 (Fmirth and Fifth Conferences): August, 1947 (Final Report and Recom- 
mendation.s); Proceedings of Joint Conference of Committee on Geologic Education 
and Association of Geology Teachers. Geol. .Hoc. Am. Interim Proceedings, March, 
1948, Part 2; Report of the Committee on Geologic Education of the Geological 
Society of Aniciica, Geol. Sor. Anu Interim Proceedings, July, 1949, Part 2, pp. 17-21; 
Bradford Willard, “Post-War Geology,” Science, Vol. lOOi (Oct. 20. 1944), pp. 34&-350. 
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Training in Geology). Before considering any specific recommenda¬ 
tions emanating from these groups, it is desirable to emphasize the 
usually neglected fact that the academic training of any geologist, and 
especially a petroleum geologist, has maximum value at time of 
starting professional employment, after which the value of his school¬ 
ing decreases steadily, approaching the vanishing point twenty years 
later. Other factors, including native intelligence, industry, person¬ 
ality, and on-the-job learning and experience increase in importance 
until they become paramount. 

flowever, the fact remains that the nature of the geologist’s scho¬ 
lastic training is important in first securing and then in retaining a 
professional appointment. All agree that the embryo geologist should 
not neglect to obtain adequate background in the cognate fields of 
mathematics, physics, and chemistry. Biology is a "must” siibjecL for 
those intending to specialize in paleontology. English composition 
and report writing are decidedly helpful, for to reach and remain 
in a position of responsibility almost always requires the ability to 
write intelligibly. A majority of the conferees on this subject also 
recommended acquiring skill in at least one foreign language. 

I Jie petroleum geologist must have a thorough training in the 
fiindanicntal courses in geology. These include physical, historical, 
structural (both elementary and advanced), and field geology; min¬ 
eralogy and petrology; stratigraphy, paleontology, and sedimentation; 
and physiography and gcomorphology. A field course of at least one 
summer's duration is of utmost importance. In addition to, and 
much more important than, learning techniques of geologic survey¬ 
ing, the student in field geology learns fundamental geology itself. 
How handicapped is the subsurface geologist attempting to study from 
samples or electric logs a 50-foot bed of limestone who has never 
w'orked over such a section in quarry wall or cliff facel Two other 
courses especially recommended for geologists pointing toward a career 
in petroleum are petroleum geology and elemeiuary geophysics. 
Neither of these courses alone can produce a professional petroleuin 
geologist or geophysicist, but they should give the student a founda¬ 
tion for his subsequent professional training. 

A perennial subject for discussion is the extent to which the edu¬ 
cational institutions should go in attempting to teach such professional 
procedures as sample logging and electric log interpretation. Such 
training in techniques can be acquired only at the expense of other, 
more fundamental, subject matter. A majority of oil-company chief 
geologists have expressed a preference for men broadly trained in 
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the fundamentals rather than narrowly trained in highly specialistic 
subjects.^'^ 

The feeling is practically universal that four years is an inadequate 
period for proper coverage of the general educational subjects and 
the essential fundamental courses in geology and cognate fields. A 
minimum of five years of academic training is recommended. 

-T Report of the CominittEe on College Curricula, Bull. Am, Assoc. Petrol. Geol. 
(May. 1942), p. 942. 




PART I 

TECHNIQUES OF THE 
PETROLEUM GEOLOGIST 


The Lrehniques used by the petroleum geologist, 
or used by others but with which the geologist 
should have at least a bowing acquaintance, can 
be classified under two headings: exploration 
and exploitation. I’he geologist is primarily 
conceined with exploration, but he assists in 
various phases ol exploitation. 




Chapter 2 

EXPLORATION 


Exploration niethoils are ol two types: surface and subsurface. In 
tlie younger days of petroleum geology, surface methods were used 
exclusively, but today the greater part of oil exploration is by means 
of subsurface methods. 

SURFACE METHODS 

The surface method of exploration is still valid where it is possible, 
and it is used extensively in prospecting new territory and in resurvey- 
iiig old areas. Surface methods and observations include direct indi¬ 
cations of the presence of underlying hydrocarbons, geological survey¬ 
ing, and the utili/aiion of surface maps. 

DIRECT INDICATIONS. According to DeGolyer,^ Ben jam in Silli- 
maii defined oil seeps as “natural outcrops of rock oil.” Other direct 
indications of the presence of natural hydrocarbons include gas seeps, 
oil-impregnated rocks, and srilid and semisolid asphalts and waxes. 

An active oil see]) is in reality an oil sjjring out of which issues 
anywhere from a few drops to several barrels of oil daily. Almost 
invariably such seeps are at topographically low sj)Ots where water has 
also acc inmilatecl. The lighter oil rises to the top of the w^ater and 
covers it with an iridescent (“rainbow'”) film. Jn rare cases the seep 
is large enough to make draw'ing off and marketing the oil a profitable 
enterprise. 

Gas seeps are difficult to detect unless the gas bubbles through water 
or issues in such volume that a wdiistling noise can be detected. If the 
surface of the gas seep is floored with mud, a mud volcano may result. 
Seep gas may be ignited by natural or artificial means, producing 
"eternal fire.” In the Gulf Coast region of Louisiana and Lexas, 

1 E. DeGolyer, "Direct Indicatinns of the Occurrence of Oil and Gas,” Elements 
of the Petroleum Imliistry (Am. JnsL. Min. Mel. Eng., New York, 1940), pp. 21-25; 
F. DeGnlyer and Harold Vance, ‘‘Bildioj^raphy of llic Teli oleum Induslry,” Bull. 
A. and M. Coll. Texas, H3 (1911), pp. 360-361 (21 refeieiiccs). 
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escaping gas has apparently lieen resjjDnsible for the formation of 
paraffin dirt, soil which has l)etome impregnated by waxy material 
containing complex Indrocarbons. 

Oil-imprcgnaied rock may be filled wdth seep oil that has worked 
its way thrf)Ligh a considerable body of pervious rock instead of follow^- 
ing a single fissuie lo the surface, or it may be a true reservoir rock 
that has been uncovered by erosion. In any event, the oil fills the 
interstices betw'c.en the grains of sand or tin* cavities dispersed through 
the carbonate rock. The Athabasca tar sands of northeastern Alberta 
illustrate oil-impregnated rock. Jhis occurrence is described in 
Chapter 10. 

'1 here are no lines of deniarcation between very heavy oils, semi¬ 
solid asphalts, and asphalts. These relatively heavy hydrocarbons may 
occur as impregnations, as small surface deposits, or in large “lakes." 
'rhe impregnations are exactly the same as the oil impregnations 
except that the hydrocarbons have lost their moi)ility. Small surface 
deposits of tarry hydrocarbons are common around the world in the 
areas of outcrop of maiinc Teriiary sediments. An example is the 
famous Rancho La Ihca dejiosit in Los Angeles, in which so many 
animals, some of them now' extinct, w'ere traj)ped and entombed. 
Urea and tar are two of several synonyms ap|)lied to semisolid asphalts. 

lahrs are large deposits of asphalt. Outstanding examples are 
the famous lake on the island of I rinitlad in the West Indies and 
nearby Uermude/ Lake on the mainland in eastern Venezuela. 

Natural asjihalt is similar to the refinery product which supplies 
most of the commercial demand. .Although very heavy oils may be 
“young ' oils whith have not yet evolved into the more common types 
of petrrjleiim, it is probable that inrcst, at least, of the seep asphalts 
are resitlual |ji'oducts from cruile oil formetl by the escape into the 
atmosphere of the lighter, more volatile, hydrocarbons. It is also 
possible that chemical reactions with iiear-surface ground waters hasten 
the asphalti/ation process. 

Active or “live” seeps are those wdiich continue to be supplied by oil 
rising from below'. Even the asphalt lake on Trinidad is an active 
seep, as attested by the fact that mr)re asphalt has been shipped from 
the lake than could possibly have been there in the first place. How¬ 
ever, the asphalt inij)regnatiiig a rock at the surface is usually the 
relic of a seep no longer active, but even then the asphalt may be 
acting as a cork, and seepage would resume were the asphalt to be 
removed. 
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The geologist should also be cognizant of false indications of the 
presence of oil or gas. P^ilnis of iron oxide on water produce the same 
iridescence as oil. Such lilnis are easily identified, however, by the 
fact that they break into Hakes wdien stirred, whereas true oil films 
cannot be severed, but instead the color bands trail out behind what¬ 
ever is used as a stirrer. Oil seeps also may be created artificially, by 
either accident or design. Many short-lived oil “booms" have been 
started by the escape of gasoline or fuel oil from buried tanks and 
pipe lines, rhe oil “seeps" in many farm wells liax e been due to the 
generous use of lulirii atiiig oil im the pump. A book could be written 
Dll maliiioiisly “salted" seeps in which vegetable cooking oil, refinery 
oil of various grades, and, very rarely, imported crude oil were used. 

Marsh gas is diffii iilt, if not im|)ossil)le, to distinguish from natural 
gas. liolh are dominantly methane, CH 4 . Marsh gas is caused by 
the decay of plant material which has accumulated in marsh, bog, 
swain|i, or lake bottom. All seeping gas which has passed through 
material of this type should be viewx*d wdth suspicion until or unless 
it can be |jroved that the gas is coming from underlying bed rock. 
Mini springs are not mud volcanoes, and the two should not be 
con fused. Mud springs are merely springs in which the water 
emerges from a niud-ioveied opening. 

(iontrary to poj)ular ojiinion, the presence of oil shale is not an 
indication of the jirobable presence of oil. An oil shale contains no 
r)il and never did (ontain any oil. It is so named because oil can be 
generated from the organic material within the shale by the applica¬ 
tion of heat; llie same thing can be done wdth coal. As a matter of 
fact, oil shale is usually a continental rock, and most oil reservoirs 
are marine formations, so, if anything, the presence of oil shale lessens 
the chances of finding oil within that rock series. 

Use of Seeps in Oil Finding. Seeps have been and can be of utmost 
importance in leading to the discovery of deposits of oil and gas. 
Whether they are of value or not depends upon whether the seepage 
is parallel or transverse to the bedding, and, if parallel, upon whether 
the rocks are gently or steeply folded. Parallel seepage is movement 
through the reservoir rock by oil which has escaped from a down-dip 
trap, perhaps through recent tilting. If the dips are very gentle, as 
in the Mid-Continent, the “mother lode" may be many miles away. 
In this case the seep merely affords evidence of the presence of oil in 
a certain formation; it does not immediately lead to the discovery of 
an oil pool. However, if the folding has been intense, as in most 
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of the Tertiary oil provinces, the leaking trap may be tapped by a 
well drilled but a lew yards from the seep. 

Transverse, or across-the-bedding. seepage is brought about by 
recent fault or other fissure penetrating to the oil deposit itself. In 
this case the oil may be exploited by drilling in the immediate vicinity 
of the seep, the location depending upon the dip of the fissure and 
the dej)Lli of the reservoir. DeGcjlyer ^ has pointed out that seeps are 
(jualitativc but not ejuantitative guides to oil. They have been the 
means of discovery of many of the great oil fields of Pennsylvania, 
the Gulf Goast, Wyoming, California, MexictJ, Venezuela, Rumania, 
Russia, the Middle Fast, the Netherlands Fast Indies, and elsewhere. 
On the ulhc?r hand, seeps have failed (as yet at least) to guide the 
way to commercial deposits of oil in Washington, Alaska, Cuba, 
Madagascar, and New Zealand. 

Surface Indications in the Gulf Salt Dome Province. In addition 
to the usual criteria of the presence of oil, some of the salt domes in 
the Gulf (^oast area are marked at the surface by signs peculiar to 
this type of structure. The salt clolm^s, which are described subse- 
c|uc‘nily, are immense prisms of salt usually topped by anhydrite- 
calrite cap rock w’hich in a few localities contains native sulfur, 
rile overlying roc k is domed, and the adjacent rock has been upturned 
and truncated by the ii|jward-nioving prism. Oil may occur in the 
arched overlying stiaia. In the porous zones in the cap, or in the 
truncated llaiikiiig beds. Direct indications of the presence of salt 
domes beneath the surface include, besides oil and gas seeps, paralfin 
dirt, sulfur-bearing clay, salt springs, and oiitiropping cap rock. 

Indirect evidence of tlie piTseiice of salt domes has also proved of 
\alue. rhe iipthrusiing of the salt has })een so recent in many places 
that the sin fate is arc hed in the form of a low hill rising above the 

Hat coastal |jlaiii. Where the hill is loo low to be reeognizable the 

radial drainage |)atLern made by water riiiming off the mound has 
sujiplied the clue. In other places leaching of the near-surface salt, 
followH’d by collajjse into the salt caves, has produced a depression 

instead of a hill. Where the uplift was not in the immediate past, 

erosion has truncated the dome producing iiiliers and a circular pat¬ 
tern to the geologic: niajj, which is the best clue of all to the presence 
of a structural dome. Even where the different formations have not 
been recognized and mapped, the preference of vegetation for certain 

-1',. uij, "Diruil Jiiilirniiuiis iil the OrninciiLe of Oil aiul Gas,” Elements 

of the Pvt) oleum Industry (Am. Iiisi. Min. Mcl. Kn^iiieeis. Neu ^'m k. 1.910). 
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types ol ruck may lead to the development of cinular vej^etatioii 
patterns. Until the early 1920’s, all the salt dome oil fields were 
discovered by one or another, or a combination, of these direct and 
indirect surface observations. 

Soil Analysis.^ Soil analysis is an oil-finding technique that is also 
known as geochemical prospecting. It is an attempt to use what might 
be called microseeps as a guide to oil deposits in the same way that 
visible seeps have been used. Soil analysis is based on the theory that 
no rock is completely impervious, anil so the lightest hydrocarbons, 
especially the gases, will work through the cap rock and overburden 
to the surface. Geochemical ])ros)jecting is a natural evolution from 
the utilization of gas and oil seeps.^ 

According to the theory underlying the technique of soil analysis, 
not only will gases escape to the surface but also liquid anil solid 
hydrocarbons will be formed from these gases, and tlieii* ])resence can 
be determined by means of microchemical tec hnir|ues. McDermott ■■ 
states that the leaking gases are first adsorbed by earth particles near 
the surface and then polymerized into liquid and solid hydrocarbons, 
in addition, the gases moving surfacew'ard arc believed to transport 
subsurface waters and dissolved minerals, resulting in an increased 
mineral content near the surface. 

Many dillerent techniques have been applied in analyzing the soil 
for evidence of the existence of microseeps. "Fhe usual procedure is to 
obtain samples from varying depths by soil auger, and then to test 
the samples for one or more of the following: methane, ethane, surface 
wax, liquid hydrocarbons, and mineral concentration.'' One variation 
from the usual chemical procedure is the so-called “geodynaniic" 

‘■'•Soil Survrys ffifnptiysiriil Si’rvicp, liir., I):il1:is, IDJif)); ^fincriiinlt, "(irr) 

iliL'inical F.x|jlnr:iiion f.Snil Analysl.s).” Hull. Am. A.s.sf}r. Petrol. Cwrnl., \'n\. 21 (M;iy. 
HMO), |)p. F.siiie RDsaii'L*. “(iporticiiiiml l*ri)spL'i:liii;; trir rcLriilpiiin" 

(Syiiiposiiiiii on Cieocheiniriil FAploraiinn), lUill. Am. .1.\.^or. Prirttl. Geol., Vot. 21 
(Auji'ii.si. pp. I too- I I.*13; K. E. Rosairc, MLDprinnti, R. H. Fash, 

pt al., "Disiii.ssioii ol (.L-ocliL'iiiiral Expliiialion (Soil Analysis),” ibid., pp. M3I- 
1 lti3; Leo Horvitz, “Recent Dcvclopineiiis in Cicni liL'niical Prospecting for Pc- 
irolcum,” Geophysics, Vol. 10 (October, 19IT)), pp. 487-493. 

** V. G. tiabriel, “Jh esent Sialiis of GeoL'hemiol Prospecting,” Oil Weekly, Vol. 

118 (Aug. 6, 1915), pp, 50-53. 

'•Eugene McIlL’mion, “GeoLheiiiical Exploration (Soil Analvsis),” Jiull. ,4m. Assoc. 
Petrol. Geol., Vol. 21 (May, 1910). p. 859. 

c Allen Bronston, "Newer Phases in Ceochcmkal Tcchnii|uc,” Oil Weekly, Vol. 

119 (Oct. 29, 1945), pp. 56-58; Leo Horvitz, "Recent Developments in Geochemical 
Prospecting for I’etroleum,” Geophysics, Vol. 10 (Oclohcr, 1915), pp. 487-488. 
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h'li:. 3. Soil :in;il\.sis liii l.:i kii.s:i fit-lii, I rxas. l.t-ll: :irras nf »rL*:ilf.si I'lilniide 

Uf.or}i f m if a I Stini ry .v, 


method, whiili dcterniinus “the lime-rale ol hydroiarhon leakage 
through a selected portion ol the carlh’s surlaie. Tliis phenomenon 
is essentially dynamic in nature as it measures the ^olulnetric rale of 
How of gases escaping from the underground reservoir.” * 

“ S. rii'snn, "RccciU [)rvelopiiit*iil iiiul Siincss in (k'nilviiainic Prnspeciin^." 
Oil H’rekly, Vnl. 101 (Jan. 12. 1012). pp. 20 anti 21. 
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Still another variatir)ii is the fluorographic method/ In this method 
samples are exposed to ultraviolet light, and the intensity of the 
lluoresceTue is measured by a photometer. From the data obtained 
“isofluors” are constructed which supposedly outline oil fields. Be- 


8 Orton E. Campbell, “The Flu orographic MethniJ of Pclroleiim Exploration,” 
ll’ruVr/ Prfrrtfriim. Vnl. 17 fMarcih, 1*146). pp. 51-56; E. H. Short, |r., "Fluorographic 
Analysis of Soil SaiiiplL's f seil in .Search lor Oil Deposits. ' 0*7 and Gas Jour., Vol. 42 
tOcc. 16. 194.^), pp. 51 anil 53. 
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cause several million hydrocarbon-oxidizing bacteria per gram have 
been lound in soil soaked in crude oil, it has been suggested that such 
bacteria might allord a clue to the presence of oil escaping from buried 
natural deposits." This possible technique has been termed "micro- 
biolf)gical prospecting for oil.” 

i'lie cf)nventif)iial inetluKls of soil analysis appear to show a con¬ 
centration of minerals in the soil overlying some oil fields, especially 
those producing from sediments of Tertiary age. The maximum leak¬ 
age occurs around the etlges of the fiil accumulation, and so a soil 
analysis map with its zones of greatest precipitated mineral roncen- 
lration tends to outline the periphery of an oil pool with a so-called 
"halo” (F'ig. ,H). One explanation for the greater aciivity of 
gases leaking from the edges of the pool is that oil has ch)gged the 
cap rock immediately above the pool, so that escape is possible only 
abf)Ut the periphery. 

Although some disiDveries have been claimed for geochemical pros- 
jjciting,’^ so far the apjdication of these techniques has resulted in a 
discouraging numher of failures. Greater success has attended the 
use of soil analysis in tlie "extension and delineation of established 
and newly discovered oil pools” than in the disc overy of new pools. 
It has been suggested that geochemical j)r()specling should he em¬ 
ployed over wide areas and that the anomalies found by these surveys 
be further checked by rellection seismograpb before the area of possible 
aceumulation is tested with the drill. I'he regional reconnaissance 
can be carried out by .soil analysis more cheaply than by scismir 
surveys, altliougli the seismic survey made to test an area ol geochem¬ 
ical anomaly can tletcrminc structural detail and the jjrobable depth 
to the accumulation imuh better than is possible with soil analysis. 

M’lie theory on which geochemical jnospecting is based is luntla- 
meiitally sound. I bis teclinicjiie lias a major advantage, in theory 
at least, over all other exjdoiation melliocls so lar developed in that 

C’UiiuU’ K. /nlW'H. “Iiifliii-iiiL’ of Ai:livily on Sniirre SediniciUs,” Oil 

and fiff.s /our.. \’ol. 10!) (Apiil 20, lOl.'l), p. 21. 

u» |olni W. Mt’n ill. “(a'orliL'iiiisirv as Aid lo .Stirccssful F.\|iloralinii,'’ Oil Weekly, 
vol. iiri (Oci. !), mil), pij. 3r.-3s. 

S. |. I’irsou, ‘ Rca-iii ncvLlnpint^iu and Success in (^L'odynamic: IMnspecting,” 
Oil Weekly. \'ol. 101 (Jan. 12. 1!U2). pp. 20 and 21; l.i'o Hor\iiz, “Recent Dcvclop- 
ineiils in Gcoplivsical rrosjieiting for relioleimi," Grnphysirs, Vol. 10 (October, 
mir»), pp. '187-IMS. 

1- V. Ci. (^alniel. “Rereiil Stains of Geochemical rrospcciinf;,'’ Oil Weekly, Vol. 
11M (Aiig. r>, miT)), pp. 50-53. 

Leo Horvilz. op. rit. 
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it purports to locate the actual presence of a buried oil accumulation, 
whereas all other oil-finding techniques are for the purpose of locating 
traps ill which oil or gas may be stored. The inadequacies of soil 
analysis as a prospecting method may be overcome in the future by 
greater refinement of method. Merritt calls attention to the early 
difficulties in geophysical prospecting because of lack of cooperation 
with geologists in matters of interpretation. The development of the 
same degree of cooperation between geology and geophysics might 
result in a similar increase in usefulness of soil analysis as a prospect¬ 
ing method. If, and when, soil analysis does evolve into a practical 
method, it will probably have its greatest success in discovering oil 
accumulations in the less indurated rocks, especially those of Tertiary 
age; the tighter, older rocks are much less likely to permit the escape 
of hydrocarbons to the surface. 

GEOLOGICAL SURVEYING.^® Geological surveying, once the 
r)nly technique of the petroleum geologist, is now but one of several 
skills that must be acquired.’® It is doubtful that field geology will 
ever disappear as an aid to oil-finding. It is used intensively in explor¬ 
ing new areas, in the re-examination of older regions, and in checking 
gcojDhysical prospects. 

The methods and procedures followed in geologic surveying depend 
upon whether the survey is reconnaissance or detailed and upon the 
topograjjhy and structure of the country surveyed. 

Reconnaissance surveying is for the purpose of determining the 
oil prospects of a relatively large area in a limited space of time. 
Fundameiitril to the survey is a base map on which the observations 
can be entered. If majis of adequate scale are not available, air 
photographs iiiusl be obtained or the geologist must make his own 
map by triaiigulation and plane tabling, by pace and compass, or by 
other method. 

i'* Jolin W. Merritt, “Genrhemistry as Aid to Successful ExjilDration/’ Oil Weekly, 
Vol. llfj (Oct. .0. 19H), pp. 3.5-3H. 

r. H. Lahee, Field Geo/fjg\» (MrCiraw-Hill, Ncav York, 1941), 4th edition: 
KcmiilmIi K. Landes, Plane Table Notehfwh (Cieo. Wahr and Son, Ann Arl)or, 1917). 
2nd edition. 

1'! E. Detiolyer, "Hisiniital Nole.s on the Development of the Tc[:hiiii|ue of 
Ih'ospectin;^ for Petroleum,” Science of Petroleum (Oxford Univ. Press, 193H), Vol. 1, 
pp. 2fi9-275. 

1" P. G. Clapp, “Fiiiidamcnlal Criteria for Oil Occurrence,” Bull. Am. Assoc. 
Petrol. GeoL, Vol. 11 (July, 1927), pp. 683-703; J. j. Zunino, “Evaluation of Oil 
Exploration Method.s,” World Oil, Vol. 126 (July 7, 1947), pp. 13-20. 
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7'lic olxservations made and entered on map or notebook include 
the following: 

I. Kiivironnirntal and crnnnniic. 

a. Arc:rs.sil)ility □! varinii.s parts of an area. 

b. Presi-iiL and pniential trans|inriation media. 

r. l.nral .supply and labor siiuation. 

d. I.oral market possibiliLic.s. 

e. Loratinn of nearest oil or f;a.s produrtion. 

f. Location and logs of all wells drilled in area and environs. 

II. .Surface geologic. 

a. Direcr or indirect evidences of oil or gas. 

b. Distribution of sedimentary, igneous, and metamorphic rocks. Age 
of igiieou.s activity and of metainorphism. 

III. Strati graphic.^'* 

a. 'riiickntvss of seiliiiK'iilary rock veneer. 

b. Presence of possible source rocks in sei;tioii. Age. 

r. Presence of possible reservoir rocks in section. Age. 

d. J'rescnce of possible cap rocks in sefiir)n. 

e. Pn.siiion and cbararier of iniroodorniities. 

/. Lateral changes in facies and especially in permeability. 

g. Convergence. 

h. Presence of .soluble rocks in section. 

i. Carbon ratio of any coals present. 

IV. Structural. 

a. Si/e and position of basins anil other regional siructural features. 

b. 1‘ieseiice of aniiciines. 

r. Depths to possible reservoir rocks. 

d. Presence and naiurc of faults. 

"Llic resLillant illii.strated report contains all the geologic and eco 
nomic data lliaL were obtained. It alsn coiilains a classificalion of the 
oil jio.ssibilities of dilferent jjaris of the region anti reconiinendations 
as to which areas, if any, merit detailed studies or, in some eases, 
iniiiieiliate testing witliout further geulogieal exploration. 

The piirjjose of drtnilin^ a relatively small area is tr) determine the 
areal extent of a siirlace structural anomaly, its vertical magnitude 
(closure), and the probable depths to the potential reservoir rocks, 
riie geologist constructs an areal genlogic majj and a structure map. 
Positions and elevations are ascertained by plane table, alidade, and 
stadia rod, or by compass anil aneroid, with distance determined by 
pacing or automobile odmneier. However, before the actual mapping 

i^R:iyninii(l C. Miiiirc. “.Smuigraphind Con.siilcialioiis," Srirmt! of Petroleutn 
(Oxlnnl l-iiiv. rrc.'<s. HI3S). Vol. 1. pp. 

1“ rraiik Rcfvps, "Outline for Regional Clas-siHraiinn of Oil f*o.s.sihiliiiE.s/' fiidl. 
Am. -I.wor. Petrol. Geol.^ \’nl. 30 (January, 1046), pp. 111-115. 
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begins, the geological party must prepare and learn a detailed strati¬ 
graphic section covering all the rocks involved in the surface work. 
By means of this section, it is possible to recognize several layers that 
can be used for elevation determinations and to adjust these elevations 
to a single datum on which the structure contours are drawn. 

A new wrinkle in geological surveying has been the employment of 
divers to make crmtact strike and dip readings on the truncated rock 
layers beneath the sea oil the California coast. This information is 
telephomed to a geologist on the tender, who plots the data on a 
submarine geological map. Photographs are alsr) taken of the sea¬ 
floor outcrops. 

The report of the del ail party includes the section and other strati¬ 
graphic data obtained, as well as the geologic and structural maps. 
At the same time other branches of the exploration department may 
have been at work so that concurrent reports are filed covering such 
possible items as a geophysical survey of the same area and a report 
from the subsurface department concerning previr)us tests drilled in 
the vicinity and their findings. Administrative officers collate these 
reports and decide (1) whether or not to proceed further; (2) what 
land to lease; and (3) where to drill the first test. Meanwhile, the 
geological party has moved in a new assignment. 

SURFACE MAPS. The exploration geologist, in addition to using 
maps and air photographs (exceptionally detailed maps) as an aid in 
field work, also uses them in the office as a source of much valuable 
geological information. For example, clues to the presence of struc¬ 
tural traps, in which oil may have acciiniulated, have been found in 
air photographs ami in topographic and geolf)gic maps as well as in 
strudural maps. The leading sources for such maps are the federal, 
provincial, and state geological surveys. 

Air Photos. Although photographs of the ground taken from 
airplanes were scanned for possible use in petroleum exploration in 
Oklahoma as early as 1928, it was not until the years immediately 
preceding World War II that this tcchnif|ue became common in oil- 
findii g. I herc are two phases in the use of air photos: (1) photogram- 
metry, which is the transposition into a coherent and accurate whole 
of the data appearing on many single overlapping photos, and (2) the 
interpretation of the features appearing in the photographs in terms 
of geology, engineering, military operations, or other facets of human 
interest. Among the many geological applications of air photos arc 

-D F. P. Shepard and H. O. Emery, "Submarine Photography off the California 
Coast," Jour. Geol., Vol. .51 ('September, 1946), pp. 306-321. 
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their employment in areal and structural mapping, both recon¬ 
naissance and detailed, in the study of shore features and processes, 
in stratigraphic work, and in mining and glacial geology. The ex¬ 
plorer finds air photos invaluable, and the engineer uses them in the 
constructifm of topographic maps, for locating pipe lines and high¬ 
ways, and for other purposes. Air photos are used by the agronomist 
in soil mapping and by the oil company land department for cor¬ 
recting errors in ownership maps and for the inspection of properties.-' 

The petroleum getilogist is primarily concerned with the interpreta¬ 
tion of land forms in terms of areal and structural geology. This 
Ijranch of the science has lately been termed “photogeology." It has 
been the subject of at least two books,-- one bibliography,-'' and a 
symposium,-' as well as many scores of articles.-'' 

Although photogeology is possible in regions of widely diflcring 
character, including even heavily forested areas,-" it is most valuable 
in such provinces as the Rocky Mountains where the terrain is one of 
“barren topography and naked geology.” Under these conditions 
it is possible actually to see not only the parallel bands of sedimentary 
rock (Fig. 4) but also the direc tion and degree of dip of the rock strata. 
A structure map using strike and dip symbols can be plotted directly 
on the air photo base; by using jjhoLogrammetric techni(|ues it is 

Denis S. SiiLM|rcr, “Applinilinii.s toi Aerial rlinln^napliv.” Oil ll rrA/v, Vol. 80 
(I'Erl). .1. WVM}), pp. in rt .srq. 

-2 Arniaiul ). i'.arilk'y. Aerial Pholot^rnph.s: Their and Interpretation (llarpL'r 
anil 111DlliiM'.s, Ncir \ urk, I!) 12): H. T. IJ. Sinilh, Aerial Photographs and I'hch 
Applirations (D. Aji|ik’lon-Cciuiiry, New York, 1.MI3). 

(i. C^. t'olil), “JUliliiiirraphy on the IiilLMpiLMalioii of Atrial IMiiilojuraplis anil 
Rri'L'iil ]hl)lioi>iapliits on At'iial Pliiiln^iapliy ami Relaicti Siiliirris." linll. Oeol. 
Soe. Am., \'ol. frl (Aiigiisl, 1I113), pp. 1I!).5-I2I0. 

21 H. r. II. Smiih et nl., “Syiii|}osiiiiii of Iiiroriiialioii Rclalivc lii lists of Aerial 
IMioio^iaplis liv CiL*ijloj;isls,'’ Photograrnmeirie Engineering, Vol. 13 (Dcrtiubtr, 
11M7). pp. ri31-(i2H. 

-•' Ksprtiallv, A. R. Wasmi, ‘‘riiologtology A|i|ilird lo rctrolcuiii l.xploraiion." 
World Oil, \'ol. 130 (April, U)."iO), pp. 61-72; Sherman Wcnpfcril, “NeAvtr Ttrli 
niipiL's in Atrial Surveying," World Oil, Pari 1 (Stpi. 15, 1347), Part 2 (Stpi. 22. 
1317). Part 3 (Sept. 23. 1317), Part 1 (October, 1317), anil Part 5 (Duiciiiher, 1317), 
wliicli I loses with a list of 111 i crcrciii cs; W. S. I.cviii.ns, '‘.\[;roL;colof;y in Mini*ral 
Px|jloralinn," Quarterly Colo. School of Mines, Vol. 33 (Oclol)Er, 1311): i’. .A. .\fdlon, 
".\LMial Photography Aids (icologist,” Oil Weekly, \'ol. 121 (March 2.'i, 19Ui). p|j. 
18, 50, and 65; lU'inard M. Bench, "Oil Struciurc Discovery by Aerial Phoiographv," 
Mines Mag., Vol. 38 (December, 1318), pp. 101 et serj.; Louis .\. Woodwood, “Aerial 
Phoiograininclry as Applied to the Petroleum Industry," Jour. Petrol. Technol., 
\‘o\. 2 (January, 1330), pp. 3-15; and other articles rcferretl lo subsequently. 

Laurence Bruinlall, "La Fologeologia," Petroleo hiteramericano, edicion de 
eiicro, 1918. 

27 ;\nonymnus, “Photogeology Finds Structures," The Link (Carter Oil Company, 
Fiilsa, Okia.), Vol. 12 (March, 1947), p. B. 
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possible to obtain sufficient thickness and elevation data to draw a 
structure contour map.-® Even where the rocks are not so well ex¬ 
posed, structural information may be obtainable from air photos. 



I'lr.. 4. Aciial jjliotn;ifrapli yiclrliiig structural inrnrmation. Dome, Marla Tlasin, 
Presiilio aiul hrewsler Coiiiilies, West Texas. Courtesy Edgar Tobin .leiial Sunufys. 


Clues may be had from outcrop, stream, soil color, and vegetation (even 
submarine) patterns.Some of these patterns, especially soil color 
and vegetation, may not be visible on the ground, but they are quite 

L. E. Nii^cnl, “Aerial Pholo^jraplis in Structural Mappiiif; of Scrlinicnlary 
FormaLioiis,'' Bull. Ani. Assoc. Petrol. Gt?o/., Vol. 31 (March, 1947), pp. 47H—491. 

-» llcriiarti M. UlmicIi. “Discovery of Oil Structures l)y Aerial rholograpliy,” Oil 
and Gas Jour. (Aug. 26, 194B), pp. 98 et sefj.; Charles de Blieux, 'Thotogcology in 
Gulf Coast Exploration.” Bull. Am. Assoc. Petrol. Geo/., Vol. 33 (July, 1919), pp. 
1251-12 ."j9. 
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proininent in the air photographs. A striking application of air 
photos to oil discovery tool; place in eastern Venezuela. The Santa 
Rosa dome was originally discovered by seismic survey, but the first 
well, presumably drilled on the top of the dome, was a tailure. 
“Inspection of aerial photographs showed a distinctive, oval patch of 
light-toned vegetation about 2 miles away from the dry hole. Future 
investigation proved that the light spot was the Lop of the Santa Rosa 
dome.” **" Smiie of the Gulf Coast salt domes are likewise visible in 
air photos because of the circular vegetatifin pattern. Springs in linear 
arrangement are excellent indicators of fault lines. 

In the years immediately frill owing World War II, air photos were 
employed as a major tool in jjetrolcuiii exploration in the Rocky 
Mountain provime of ihe western United Stales, in the Alberta foot¬ 
hills, in northern Alaska,and in Vencziiela.'^- 

Preretjuisiie for accpiiring skill in geologic interpretation of air 
photos are good eyes, training in genmorphology, and field experience. 
Good eyes are needed to use the various sLercoscojiic devices by means 
of whic h overlapping pairs of air photographs are viewed. A training 
in geomorphniogy is essential to the recognition of dip slopes and 
other geologic: features that may have topographic expression. Field 
experience is vital for ihe same reason. 

Topographic Maps. In addition to their value as base maps for 
geologic study, topographic maps may also yield structural informa¬ 
tion of value. The trained eye can recognize dip slopes (Fig. fi), and 
anticlines i:aii Ije, and ha^e been, recogni/eil from observations of 
topographic niajis alone. Faults may be traced by their scarps. 'Hie 
recognition of recent domc.s by circidar drainage jiatterns has already 
been mentioned. Geological interpretation of topographic maps can 
be aided by the use of “shaded relief" as shown by the recently jmb- 
lished map of the Waldron, Arkansas, Quadrangle. The combination 
of a little field work and a good topographic majj may make possible 
a geologic map of much greater area than that actually covered in the 
field. 

Geologic Maps. Maps showing the areal geology yield many struc¬ 
tural clues. Not only by the jnesence of inliers but also by the distri¬ 
bution pattern of the outcrops of rocks of varyitig ages can the struc- 

LiiiirciiLT nriiiiilall, “La l*'[iCn^rolDf*ia,'' Pflrofm hilernmrrirntio, de 

LMUTO. tlMS. 

Niirinaii C. Siiiiili aiut SlimTiaii A. AVeiigcrii, l*liiiiD|*;L'Dlngv Aids Naval Petro- 
teiiiii Kvplnralinii,'' Hull. .im. .I.ssor. Petrol. Grol., 31 (May, 1917), pp. 82t-H28. 

3- Sherman A. Weiif^crd, njj. fit. 




Fig. 5. Topographic map yielding structural information. Dufh Mountain is an obvious hogback, with dip slope to the northeast. 
Coiitoiu interval = 50 feet. L". 5. Geological Survey. 
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ture of the bed rock be determined (Fi^. 6). In combination with good 
topographic maps it is possible to determine, by the intersection of 
contours with formation contacts, the elevation of a stratigraphic 



After U.S. G.S. map of Wyaminfi (1825) 

Fin. 6. CiL'Dloi^ic ni:ip vifliliiii; sirurliir»l iiirDnnaiifin. Synrlini?, aniiilini:. uiicdii- 
funiialjlc 'ruiiiary iivcHap. f/. .V. (irttlofriral Sunwy. 


datum at various points, and from this inlormation a structural con¬ 
tour map can be drawn. 

Many oil fields have been discovered through the testing of anti¬ 
clines and other structural traps mapped and described by a govern- 
iTiental agency such as the Geological Survey, U. S. Department of the 
Interior. 
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Structure Maps. Structure maps show, by contours (Fig. 7) or other 
means, anticlines, synclines, noses, and faults. Many noses that appear 
on structure maps with large contour interval become closed folds 
when mapped with smaller interval. Others remain structural noses 
in the neai-surfacc formations but develop closure in deeper, possibly 



oil-bearing rorinalions. F'or these reasons strucLin al noses are favorable 
features for testing. 

Even today, after years of exploration in the United States, criteria 
which lead to testing and discovery arc being found by continued 
study of previously published maps of various types. 


SUBSURFACE GEOLOGY 

Surface methods of oil exploration can be used only where the bed 
rock is adetiuately exposed. If the rock is hidden by a thin capping 

‘•‘1 L. AV. l.cRny mid Harry M. Crain. .S’lifwiirffjrr Geologic Methods (Coin. Si.lioul 
nl' Mines. 1949, Second Edit inn bv L. \V. LcRoy, 1950). 






37 


Core Drilling 

i)f soil, it may be possible by means of dug pits or trenches to exjjose 
the underlying bed rock for study. Some oil companies have sue 
reeded in penetrating not only the soil but also recognizable layers of 
bed rock with hand augers. But where natural outcrops are absent 
and hand dug or drilled exposures not practicablep or where the sedi¬ 
mentary strata that are exposed cannot be correlated from outcrop to 
fiuLcro]), structure mapping by surface observations is impossible. By 
the early 1920’s much of the prospective oil territory in the Mid- 
Continent and the Gulf Coast that could be explored by surface 
methods had been mapped by some of the older, established oil 
companies. The oil companies then looked with hungry eyes at 
the much greater area where the geology was a secret because of 
a veneer of soil, sand, loess, alluvium, or glacial drift, or because 
recognition of individual layers in a tliick series of red beds or chalky 
shales was difficult if not impossible. Ever-increasing pressure to iintl 
more oil resulted in the development of exploratory tools which in 
effect give the geologist a “hammer with a longer handle” with which 
to penetrate the masks that hide the geological picture. The tech¬ 
niques developed to meet this situation include core drilling, geo¬ 
physical prospecting, and the maxiinuni utilizati()n of the records 
ol)tained during the drilling of wells; the practice of these techniques 
is the relatively v oung profession of subsurface gef)logy. 

CORE DRILLING.’^ One of the earliest uses of the core drill 
as a device to map possible oil-bearing anticlines was in Kay and 
Noble counlies, Oklahoma, in the early part of 1922.This survey 
resulted in the discovery of the Eonkawa held, ami w^ithin a short 
space of time many core drills were at wMirk in the Mitl-ContineiU and 
elsewhere. A large ininiber of discoveries, incliuling some major oil 
fields, can be credited to the geological information obtained by core 
ilrilling. 

The core drill, as developed for use by the oil industry, is a light¬ 
weight roiary drill mounted on a truck. When changing locations, the 
mast folds forward over the tab of the truck (Fig. H). Holes can be 
drilled to depths of over a thousand feet, but most structure drilling is 
carried on at lesser deptlis. Soft materials, such as shales, are drilled 
through with a fish-tail bit; diamond or hard alloy bits arc used to cut 

34 E. J. Lniigycai Company, ‘Tro.spccling for Oil” (45 lilies), JlibJiofrraphy of 
Dinwond Ihillinfr, 194K cililion, pp. 1.9-22, and .SupplcmcriL 1 (March 15. 1913); 
K. DeGrilyur and Harnlil V aiicc, ‘■(iiiic Diilliiig for Siiiii:ime” (17 lilies), "Ilihlio/^ra- 
phy on lliL Petrolenm InrUislry,” Hull. A. and M. Coll. Texas. (1911). pp. 1.S7-1.S0. 

an H. C». Olliccr, Glenn C.. fJark, and F. L. Aiiriii, “Goiu Drillin;; for Striictiiic 
in ihe Xorlh Mid-Conlinent Area,” Hull. Am. Assoc. Petrol. Geol., V'ol. 10 (May, 
1926), pp 513-530. 
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Fig. 8. I'ruck-niounted core drills, (a) ShoL-hole drillinf- rij^. Courie.sy Seismograph 

Inc. (r) Hcavy-duly piirlahlc rotary ri^. 
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Service Corporation, (b) Ri^ mast folded over cab. Courtesy Erighieeririg Laboratories^ 
Courtesy George E. Failinfr Supply Company. 
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a core through rock which may contain the "key beds" which are to 
be used in determining the elevation of the stratigraphic datum. 

"riie objective of the geologist assigned to a core drill survey is to 
obtain sufticient stratigraphic elevation data for the recognition and 
delineation of any structural anomalies that may be present. The 
usual procedure is to core-drill a series of holes along a straight line 
in the direction of the regional dip. If any reversal of this dip is noted, 
additional holes are drilled both along the line of the survey and on 
both sides in order to map the upfold. It is the duty of the geologist 
to run elevation lines to the core drill locations and to watch the cores 
and drill riittings as they arc brought to the surface for the |)articular 
stratum, or more often the setjiience of strata, w'hicli he is using 
as a datum for a structure coniour map. Klectric logs are also 
used to supplement and even replace roik sam])les in cOrc tests as 
well as in regular wells. Once the key horizon has been reached, its 
elevation is determined and entered on the map; at the same lime drill¬ 
ing is discontinued and the core drill is moved to the next location. 

Oore-clrilling the geophysical prospects in ollsliore arc‘as in order to 
obtain additional geological information has been advocated.’"’ 

Slim Hole Drilling. The realizalion, forcibly brought home by 
the development of the East Texas field in ID.Hl, that oil could 
accumulate in straLigra|)hir as well as in structural traps led to a 
greater inierest in subsurface stratigraphy and espec ially in the tracing 
of lateral changes in the porosity and thickness of potential reservoir 
rocks. Inasmuch as most of this information lies beyond the prac¬ 
ticable range of the jjoi lable core drill, the "slim hole" rig was devel¬ 
oped to obtain geological information at gieater depths. \Vith ihis 
machine, which is merely a lighl-weiglu rotary, it is possible to obtain 
a complete stratigraphic record through thousands of fc'cl of section at 
lesser cost than with the conventional ty])e of rotary rig. Slim holes 
have been drilled for geolcigical information in the ncjrthcrn Great 
Plains and elsewhere, but they have not achieved the widespread use 
that was anticipated by some geologists at the time of their incejJtion. 
As at first devcltcjjed, at least, the slim hole drill could discover but not 
produce oil. and even in discovery the information was qualitative 
and not quantitative. InLere.st in slim hole drilling has recently re¬ 
vived, owing to the success attained hy the use of diamond bits in 
milling operations. It is now’ anticipated that the oil industry will 

L. r.hasL’. "OllslujiL’ Kxjiliiialiiiii by Core- Drilling,” World Oil, Vol. 130 
(April, 1050). pp. lliO ct seq. 
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soon be clrillinjj^ exploratory wells with diameters ranging from 4 
inches down to a mere 1 inches to depths as great as 10,000 feet/'’" 

EXPLORATION GEOPHYSICS.®® Geophysics is the physics ol; 
the earth; exploration geophysics is the application of physics to the 
search for new mineral deposits. Exjdoration geophysics has had a 
long and honorable history in mining geology. Many of the world’s 
great iron-ore deposits were discovered by magnetic surveys, a tech¬ 
nique that is now several hundred years old. 

It was not until the early 1920’s, however, that exploration geo¬ 
physics became an important tool in oil-finding, but, once it started, 
the growth and development of this technique were phenomenal. The 
rapid expansion of the use of geophysical instruments was due to the 
many successes which followed. Before 1924, thirty-nine salt domes 
had been discovered in the Gulf Coast of Texas and Louisiana by 
surface methods. In the succeeding five years sixty-four salt domes 
were discovered, and many more have been found since. The post- 
1924 discoveries ha\'c been due almost entirely to the use of geo¬ 
physical instruments. Both gravity instruments and seismic surveys 
have been successful in this work, and one common procedure has 
been to use the cheajjer gravity survey as a reconnaissance tool, check¬ 
ing the anomalies with (he more expensive seismograph survey. The 
present trend in geophysical prospecting is to combine it with surface 
observations, using the geophysics to confirm and detail structures 
whose presence has been susjiected by surface observations. 

rhere has been a rather distinct evolution in geopliysical instni- 
iTienls sinc e their first application in the searc h for oil. The dip needle 
compass of the iron ore surveyor has been suj)erseded by the niagiie- 
tometer. The pendulum and its first olfspring, the torsion balance, 
have been followed by the rc*adily portable gravity meter or gravimeter, 
the latest models of which can be carried in automobiles, canoes, and 
even strapped to a pack board. The refraction method of seismograph 
surveying has been ftillowed, but not entirely superseded, by the 
reflection method. 

The first important event in the application of exploration geo¬ 
physics to the petroleum industry was the discovery in March, 1924, 

37 KcMinctli n. Rnrne.s, “ '.Slini’ Slim Holes,” Oil and Gas Juur., Vol. 4B (Dl‘C. 21), 
1910), pp. 31-3.5. 

38 J. C. K:ii-i:liL’r, "Kxp lorn linn by Geophysical MeUidiIs," Ehinents of the Petro- 
hiim Indushy (Am. Inst. Min. Met. F.iif^inecrs, 1910), pjj. (i.S-H9; Domihl C. Bnrton, 
'‘Exploration CiL‘[)pliy.sic.s,” Grri^. Soc. of .4 in., 5nth Anniversrny Vol. (New York, 
1941), pp. .549-.")(iU; Harrison E. .Stommcl, "Siihsurracc Mi;Lhpil.s ns Applieil to 
Geophysics,” Subsurface Geologic Methods (Grilo. .School of Millies, 191.9), pp. fi95-769. 
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l)y means of the torsion balunee, of the Nash salt dome in Fort Bend 
and Brazrnia counties, Texas. Within less than a year four additional 
salt domes were discovered by companies using geophysical methods. 
Nearly one-half billion dollars’ worth f)f oil and gas have been pro¬ 
duced from fields discovered by geophysical methods in the Gulf Coast 
district alone. I he number of parties that arc out today at any one 
time engaged in seismic and other types of geophysic al surveys can be 
(ounied in the hundreds. 

Naturally the great development in exploration geophysics has been 
accompanied by large-scale publication of articles and treatises. Not 
only have at least four textbooks been published in English in recent 
years but also the number of briefer contributions in this field has 
been enormous. For example, the DeGolyer and Vanc e bibliography 
lists titles of articles most of which were published before 1943. 
rile U. S. Bureau of Mines periodically issues (irrjphysiral Abstracts, 
an annotated bibliography of current geophysical papers. The Society 
of Ex[)lciration Geophysicists has commenced the publication of 
(Mcophysirnl Case Histories. 'Ihe first (1948) volume contained sixty 
papers on case histories of geojdiysical surveys made principally in the 
(iulf Coast, Mid-Continent, and California provinces. 

Magnetic Methods. All instruments designed to detect magnetic 
anomalies in the earth’s crust, including the currently widely used 
magnetometer, consist essentially of a magneli/ed needle mounted so 
that it will pivot in cither the horizontal or vertic:al plane. Fhc read¬ 
ings taken tlierefore represent the horizontal or vertical component 
of the earth’s magnetic intensity at that point. Where the fairly 
common iron-ore mineral magnetite is present in the underlying rocks, 
the magnetometer or other magnetic instrument records abnormally 
high readings in that vicinity. Basement rock structures may be 
reflected in the magnetic map, but usually the prominent anomalies 
are caused by changes in the character of the igneous rocks within the 
basei.ienl complex. However, the observer may be able to estimate 
the a}>proximate depth to the crystalline rock floor. The magne¬ 
tometer also serves to determine the presence of basic igneous rocks, 
especially dikes and sills, intruded into the sedimentary rock section. 

C. A. Hcihiiiil, tirulthysical Explornlii)n (PiL’iicicp-Hull, New York, IPIO): 
J. J. Jaknsky. Exphratiofi Geuphysics ( J imes-Minor Tress, Los Aii|;eles, IP 10); 
1,. 1). l.cel, Pntvlinil Srisninloffy ntid Prospeclbifr (D. Applclon-C'Eiiliirv Co., 

New ^Dik, 1038): I,. I.. NeIiIlMoii. Gpuphxsitnl Prospecting for Oil (MrCiiaw-Hill, 
New York, 1010), Isl edition. 

■*1* K. Detiolycr and Harold \’aiicc, "Bibliography on the Tetroleiini Industry'’ 
Bull. .4. & M. Coll. Texas (.Sepieiiiher, 104-1). 
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The magnetometer has been widely used by the exploration depart¬ 
ments of oil companies. It is a highly portable and relatively in- 



I'lr;. 9. Muj^iiclnrncter in operaiion. Cunrtesy Ruska Instrument Company. 


expensive tool (Fig. 9). Only one man is needed to operate the 
magnetometer, and he can be trained in its operation in a relatively 
short period of time. The procedure in making a ground magnetom¬ 
eter survey is to take observations at a series of points according to 
pre-arranged plans. After being corrected for latitude, the readings 
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arc plarcd on a map, and lines of equal maf^netic intensity (isogams) 
are construf ted. Any drawing together or diverging of these lines 
is indiraiion of a positive or negative anomaly in the intensity of the 
earth’s niagnetir field. 

The jjrolific: Hobbs, New Mexico, field produces from a structure 
that was first discovered by the magnetometer and then checked with 
the torsion balance. The Cedar Creek pool in Bastrop County, Texas, 
which produces from a serpentine plug, was also discovered by a 
magn el omc*ter survey. 

The latest thing in inagnctometer surveys is the air-borne magne- 
tonietci. 'Mlis was devehiped during World War II as a means for 
delecting ihe jjreseme of sid)inariiies. The magnetometer is carried 
in a “trailer” which is Lowed by an airplane. Immediately upon the 
close of hostilities ihis terhniipie was adapted for mineral exploration. 
It is j)ossible with a single air-borne magnetometer to complete from 
500 to 1000 miles of continuously recorded profile per day. In addi¬ 
tion the air-borne instrument ignores purely local magnetic disturb¬ 
ances, such as magnetite-bearing erratics, which may make a surface 
survey completely ineffective. The aerial magnetometer is being em¬ 
ployed today as a reconnaissance tool both in oil prospecting^^ and 
in the seat eh for new deposits of iron ore. 

Gravimetric Methods. 1 he motivation for all gravity insiriimeiits 
is the variation in giavitative attraction produced by different masses 
and dilfereni densities. As in ilie magnetic survey, large anomalies in 
the gravity picture may be due to dilliTences in the basement rock 
which have iiothing whatsoexer to do with the structure in the over- 
lying seilimentary rocks, but the gravimeter is also sensitive to varia¬ 
tions in the seilimcntaiy section. 

riie simplest gravity instrument, the pendulum, does not hang 
plumb where there is either a niountain or a mass of rock of superior 
density near by. It is |3ulled out of the vertical into the direction 
of the greater mass. Clonversely, the presence near by of a depression 
f)r of rock of inferior density, such as salt, results in the pendulum’s 
SAvinging to the opjjosite side of the vertical because of the superior 
attraction of ihe mass in thal direction. riie pendulum and the 
torsion balance were the forerunners of the modern gravity meter or 
gravimeter Avhich is noAv icsed almost exclusively in gravity surveys. 

The gravily meter is an extremely sensiti\ e instrument Avhich 
measures variaiions in gravitalivc attraction by means of a mass 

■u H. W’liyiiL’ llnyliiKiii, ‘‘.Xirbonic Mn^iiuUiiiiclfr einfili's iinosji Ciiiy.ima Valley," 
Oil and (ins Jonr.^ \ iil. IS (Di-r. 2.0. IH I.n). jjji. 55 vt jrr/. 
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suspended from a balance beam; a suitable spring is attached to the 
other end of the beam. Readings are in niilligals; a milligal is one 
one-thousandth of a gal, and a gal is an acceleration of 1 centimeter 
per second per second. The gravity meter, unlike its predecessors. 



Fir.. 10. GraviLy meter. Courlesy North Amnican (Menphysirnf Company. 

has extreme portability (Figs. 10 and 11), and observations can be 
taken relatively quickly. When roads arc available, the gravity meter 
is mounted in a truck, at each station a tripod is lowered through 
the floor, and the gravity meter is moved into position on the tripod 
from its cradle in the truck bed. Where vehicle progress is impossible, 
the gravity meter may be carried by hand or in a canoe and periodically 
set up for readings to be taken. It is also used in offshore surveys. 
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ITndcrivatcr gravity work is carried on in at least three ways.^- The 
simplest method, possible only in shallow water, is to mount the 
instrument on a tripod which extends above the w^atcr surface. The 
second meLlu)d is to low’er the gravity meter and ihe operator to the 
sea llofir in a diving bell (Fig. 12) where the instrument is leveled 
ami the readings taken. In the third method the gravity meter alone 
is h)wered in a pressure-tight case to the sea floor. Leveling and 


■ ’ ■ ■ w 



Fic;. II. Airljurnc graviiy meter. Conrlcsy North Ainrrimn Gcol)hysirnl Company. 


unclamping of the meter are carried out by remote control (Fig. 12), 
and the readings arc taken by a camera enclosed with the gravity 
meter. 

Gravity methods have had their greatest success in the discovery 
of the piencmcnl-type salt domes because of the marked variations 
in gravity between the prism of salt and the intruded country rock. 
In this case, of course, the gravity survey map shows an area of hnv 
gravitative attraction above the buried salt mass. Igneous intrusions, 
on the other hand, ajjjjear in the gravity survey map as areas of high 
gravity attraction. It is likewise possible, as in the Lost Hills anticline 
of the San Joatpiin Valley of California, to identify some anticlines by 

R. I). VVvi’knll. "(a'opliNsiL'al rxpliiralinn." Oil anti (ins lour., Vnl. -17 (Ndv. 
II. 19IS), p. .^11. 
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the arched position of a lighter rock such as a diatomaceous shale. 
It should also be noted, however, that an abnormally heavy rock 
arched over a donial structure produces quite the opposite results in 
the gravity map. Inasmuch as iipfolds and downfolds may both 
create the same kind of gravity anomalies, the geologist attempting 
to interpret gravity records must be acquainted with the local tectonics. 



Fifi. 12. riiiiviiy inplL'i npcialL'tl in ilivin^ hell. Courirsy Norih Arnerirnn fJrwp/iy.si- 

(ffl Coinpaiiy. 


The gravity meter has also had consitleralde suctess in the tracing 
of fault planes. 

Seismic Methods. The most elaborate, the most expensive, and 
the most elleitive geophysical instrument at the present time is the 
seismograph. The magnetometer and the gravity meter arc generally 
considered to be reconnaissance instruments, and the seismograph a 
device for determining the structural geology in detail. WyLkofl”^-“ 
calls attention to the fact that magnetic and gravimetric methods 
measure forces at a distance and consequently are indirect, whereas 
seismic methods record sound waves generated at or near the surface, 
which actually “reach down and touch or traverse the rock strata.” 

42B O/J. Cl/. 
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.Seismic surveying is done by either the refraction or the reflection 
method. Both techniques are based on the fact that shocks created 
by inan-niatle explosions travel downward into the bed rock and 
then are refracted and reflected back to the surface by rocks of different 
density. The length r)f time involved in that round trip is a reliable 
indication tif the depth of the refracting or reflecting layer. Therefore, 
these Let hiiiqlies can be used in tracing the structural rise and fall of 
the rock formal ions beneath tin* siirlat e. 


Explosive 

shot 



I'lc;. 1.^. Ruliurifil anil idrai ii-il si'isiiiir \v a\i*s. t.’r)io7r.sv /Unericfni Itislifule of Min¬ 
in tr anti Mrlallnii:,inil I^ln^inrrrs. 

riie difference behseen ihe refraction and the reflection methods is 
sliown in Fig. 1-1. The relraction method was lirsL used in the United 
Siales about It was very successful in the search for new sail 

tioines on the (iiilf Coasl ol Texas and Louisiana. Refraction shooling 
has recently become ini|jorlant again as a melliod of detailing rock 
structure where reflection shooting is noi jnacticablc. The reflection 
method was first used commercially in Texas in 1926. It has been used 
not only in the salt dome search but also in the search for anticlinal 
structures. It has largely sii|)erseded the refraction method. 

In surveying with the reflection seismograph, a shot hole is drilled 
and an explosive charge is placed in it. For each explosion, or 
synthetic earthquake, up to flfi detectors ("jugs”) are placed on the 
ground along a line or aicordiiig to a pattern. 'Fhc vibration of the 
detectors converts the earth shock waves into electrical energy which 
is transmitted by wire to the recording truck. The time taken by 
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the earth waves in traveling from the explosion to the reflecting surface 
and back to the earth's surface is converted into depths in feet by 
using different velocities for different types of rock; variations in these 
depth figures give the interpreter a picture of the geologic structure 
pattern. 

I'he reflection seismograph is almost a precision instrument. Under 
favorable conditions, it is possible with this tool to map the three- 
dimensional aspect of an anticline or a fault with considerable ac¬ 
curacy. Levorsen has pointed out that the degree of accuracy that is 
available by the seismograph method before the drilling of the disct)v- 
ery well is not entirely an unmixed blessing. “However, the subsurface 
method, due to the ne* essily of drilling several wells in order to locate 
and test the top of the structure, frequently resulted in the discovery 
of oil in various sand lenses, porosity changes, and other stratigraphic- 
type accumulations. On the other hand, the seismic method by its 
ability to locate accurately the top of the structure condemns all of 
the territory intervening between it and the next structure. In other 
words the seismic method loses oil disco\ery by its accuracy which in 
many places the subsiirlai e method gains by its inaccuracy." 

Seismic surveying has not as yet been found to be very successful 
where the bed rock is veneered by a thick cover of glacial drift or where 
the bed rock itself is (omposed r)f high-velocity limestones which lack 
sharp planes of rellei tion. 

liegiiining in 19hl the oil companies began to explore the geology 
of the floor of the (iiilf of Mexico by marine seismic exploration.'^ 
Ihe procedure is the same as on the land surface except that the 
explosive is detonated on the sea floor, or below the surface of the 
water, instead of in a shot hole. The detectors are attached to a cable 
and let down to the sea floor in a linear arrangement. The recorders 
are located in a boat instead of a truck. Aside from the weather, 
which is a most iiiqmrtani factor, the mily unusual complication in 
marine work is the problem of exactly locating the detector points. 
This is done either by triangulation or by electronic surveying, using 
radar or “shoran,“ which involves the use of shore range stations. 

A recent innovation in seismic prospecting, still in the experimental 
stage, is the Poulter process of sliooting in which the charge, instead 

43 A. I. I.EVoiUL*ii, ‘‘I*eliolL*uin Geology,” UiilL Am. A.ssoc. Petrol. Geol., Vol. Z\ 
(AiiRiLsi, 1D10), p. J355-13rj0. 

44 R. L. Palmer, "Tecliniijiies and Problems in Marine Seismic Exploration,” 
Oil and Gas Jour., Vol. <17, No. B (June 24, IHlH), pp. 100 et seq. 
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of being placed in a hole in the ground, is placed at the tops of a 
cluster of poles, 5 to 8 feet above the ground.^® 

Electrical Methods.^'’ In the attempt to search for new supplies 
of jjetroleuin by electrical methods, an electric current is introduced 
into the ground and the potential effects of the flow of current as it 
passes through the earth are measured by electrodes at the surface. 
Unlike the other geophysical methods which purport only to find 
structures la\orable to the accumulation of oil and gas, electrical 
methods hold out some possibility of locating oil and gas directly. 
'This nietluxl has not yet been developed to the point where it has 
been successful in discovering new deposits of oil and gas, but it has 
liaci considerable success in ground-w^atcr geology in the location of 
shallow ac|uilers. 

DRILLED WELLS.^' The geologist is interested in the tc*c:hnicjues 
of well-drilling for al least iwo reasons: (1) if he recommended the 
site for a tc?sl (“localed ihe well”), he is much concerned in the atlc*- 
cpiacy of the well to prove or disprove the presence of oil or gas, 
and (2), regardless of the success or failure of a well as a producer, it 
yields geological information, the value of which depends both upon 
the driller and the drilling method. The* geoh)gic al record obtainable 
during the drilling of a well consists of logs and rock samples, both 
cuttings and corc-s. 'I’hc character of any oil or gas, and especially 
of the water, struck during the drilling operations may contribute 
to the geological record also. 

I'lierc are two distinc t meihods of drilling oil wells; the standard 
and the rotary. I he standard method is the older, but rotary drilling 
has superseded it in most of the newer fie lds. 

Standard Drilling. Ihe standard method is also referred to as 
cable tool, churn, and jiercussion drilling. The well is driven down¬ 
ward by the repeated drop})ing of hc?avy “tools.” The blows struck 
by the bit at the lower end of the tool string break off pieces of rock, 

4B C'-harlcs ). Dce^aii. “New Scisiiiir Shnoiiiig Melluuls Duinnnstrated at San 
Antuiiin," i)il r/i/rZ firrj Jotir., VdI. 17, No. 2K (\dv. 11. IHIS). p. 2M ('t seq.; 
J. E. Kasimp, ‘ Clic Poullei Melhoil of Geophvsiial Scisniit Exploration.” World 
Oil, \’ol. 12H (Jamiaiy. l!)l*l). pp. .'i.’l-fiO. 

-•''Hiiljcil Cnivoil, “Can Resisiivilv Melliod Disiovei Oil Dircrllv?” World Oil, 
\ nl. 12K (April, MMO), pp. ri!)-7l. and Vnl. 120 (May. 1010), jip. 7.'J-77; R. M. Halter, 
■‘ElecMiJiiirs Applied in Oil Expl ora linn," World Oil, ^■[lL 131 ()iily 1, 1950), pp. 
72 and 77. 

4" J. E. Hranlly, "Oil Well Drilling Machinery and PrariiiES." Ehments of the 
Petroleum Industry (Am. Inst. Min. Eiigiiiccrs, New York, lR-10), Chapter lO, pp. 
116-159. 
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the “cuttiiif^s,” which are periodically removed so that deepening of 
the hole can continue. 

The standard drilling rig is illustrated in Fig. H. It consists of a 

derrick, usually 84 feet in height, with a sheave arrangement, the 

crown block, at the Lop. Other essential parts of the rig include the 
bit and other drilling!; tools, drilling line, clamps, temper screw, walk¬ 
ing beam, pitman, ba7}d wheel, bull wheel, sand reel, and power phnit. 
Ihe power plant is st)nie feet away from the base of the derrick. It 
operates by internal-combustion fuels, steam, or electricity. A belt 
from the pf)wcr plant turns the band w4ieel, and an eccentric on the 
band wheel operates the pitman, which gives an up-and-down motion 
to the walking beam. The end of the walking beam opposite the 

pitman is directly over the hole being drilled. From this end arc 

suspended the temper screw and clamps. 'Fhe sand reel lies in back 
of the band wheel and is driven by the band wheel. Across the 

derrick floor is the bull wheel, which is also turned by the band 

wheel by means of a large latpe belt. 

The string of tools consists of lire bit, with a V-shaped cutting edge 
that is sharjjened periodically; the stem, into which the bit fits; the 
jars; and the socket. The jars consist of an inner and an outer section; 
when the tools are lifted ofl the bottom, the inner section slides the 
length t)f the tool before it takes hold and lifts the umlerlying tools 

in the string. 1 his makes a strong upward jerk jiossible in the event 

that the bit gets taught in the miid in the bottom of the hole. The 
socket at the ttip of the tool string is the means of attachment of the 
drilling line, whith may be cither wire cable or manila rope. The 
drilling line exteiuls from the tool siring through the clamjjs beneath 
the temper strew at the end of the walking beam and from there over 
the crown blotk and down to the Inill wheel on which it is spooled. 

The up-aiid-down movement of the walking beam raises and drops 
the bit at the boitoin of the hole. Because of the elasticity of the 
drilling line, however, the vertical oscillation of the tool string is 
considerably greater than that of the walking beam. This produces 
a whijilash elfect to the bit, increasing its cutting power on the rock. 
A feW' feet of water is kept in the bottom of the hole to soften and 
emulsify the cuttings. As the hole is deepened the driller adds to 
the length of the drilling line below the walking beam by turning 
the temper screw or by slipping the line through the clamps. To 
“come out of the hole” for any purpose the drilling line is disconnected 
from the clamps, the rope belt which operates the bull wheel is put 
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in place, and the line is reeled on the bull wheel until the tools emerge 
from the hole. 

To bail out accumulated rock cuttings and excess water, the bailer, 
a long steel tube with a valve in the bottom, is dropped down the 
hole by means of a line spooled on the sand reel. It is brought to 
the surface and dumped as many times as may be necessary. If a 
core is desired, the bit may be replaced by a cylindrical core-barrel 
which has cutting teeth around the lower end. I'hese teeth are driven 
into the rock, and the core that rises within the barrel is broken off 
and brought to the surface with the tool string. However, cable tool 
coring is not as feasible as rotary coring and is resorted to much less 
often. 

The drilling well may encounter a water vein of such magnitude 
that it is impossible to “dry up” the hole by bailing. Sometimes the 
water in these aquifers is under so much artesian pressure that it will 
ovcrllow at the surface. As it is not possible to drill efficiently in a 
hole full of water, each water vein has to be “cased off.” The well 
must first be drilled below the water sand into a fairly impervious 
rock such as a shale. Then casing (pipe) is placed in the hole, from 
the bottom to the top. Cement is forced down the inside of the 
rasing so that u rises for some distance outside the casing, completely 
filling the anmilar space between casing and rock wall in order to 
shut r)ff the water. After the cement hardens, drilling operations are 
resumed, but a smaller-diamcier bit must be used in order to pass 
through the casing. The cement at the bottrim of the well is drilled 
through, and the hole is deepened to the desired depth. Each succeed¬ 
ing flow of water may have to be cased off in the same manner, and 
each time this takes place a new and smaller casing must be run 
inside the preceding casings from the bottom of the well to the top, 
or “casing head.” .\s a result there may be as many as a half-dozen 
strings of casing, one within the other, at the surface, and a hole 
that started with a diameter of 15 inches may end up with a diameter 
of less than 6 inches. 

There is, of course, another reason for the use of casing besides 
shutting off ground-water flows. Without casing, the wall of a hole 
may cave. In extreme instances this may block the hole, trapping 
the tools beneath, and necessitating time-consuming and expensive 
“Fishing” operations. In any event, cavings from above the point 
where the preceding sample was taken are out of place in the cuttings 
bailed to the surface, and they tend to confuse the record. For this 
reason the geologist, in examining cable tool cuttings, must keep in 
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mind the disLanre bcU)\v the casin;^ pniiU at whidi tach sample was 
(ibtained. 

In addition to tollLi tini* and labeling the samples, the driller kce])S 
a log in whith he enters the depths to the top of carh different rock 
type. He also imludes ihe tasiiig history ol the well, the water /ones, 
and any "shows" of oil or gas that may have appeared. Other types 
of lf)gs also may be made for cable tool w’ells. These are discussed 
in a subsequent section. 

11 the w'ell is successful in finding oil, an innermost line of pipe, 
the "oil string," is run into the well, higher water is cemented off, 
anil as many of the outer strings of casing are sahaged as possible, 
'f lu* oil ffijws nr is jnniiped to the surface through the oil string. 

Standard or cable lr)ol drilling is ordinarily superior lo ihe rotary 
method wdiere the rriiks are cavernous and where unpredicted oil 
reservoirs may be present. The cost of the rig is much less than that 
of a rotary machine, and the drilling costs for shallow wells and for 
drilling through hard roiks are less. Sinularly, the speed is gieater 
in hard rock, and there is much less lendency for crooked holes. 
IJnless one has had long experience with roiary cuttings, the samples 
obtained by siamlarcl drilling are niiich easier to study. 

Rotary I>rilling. riie turning of ihe drill j)ij)e in the roiary method 
of drilling rr)tates the bit at the botlom of the hole, shaving and 
grinding off jiieces of rock as il turns. The cutlings are removed 
criiuinuoLisly by a slream of fluid oi "nuiil." which is pumped from 
the surface down ihrough the drill ]u|)e, out an opening in the bit, 
and bac k up to the surface be tween tlie di ill pipe and the walls of the 
hole. 

riie modern derrick for rotary drilling (kig. lo) is I7fi fi’ct or more 
in lu iglit. It can be distinguished from the slandard derrick not only 
by its greater si/e but also by the presence of a catwalk, or "forble 
board," around the outside of the derrick, about two-thirds of the 
distance above the Hour. 4 he rotary derrick, like the standard, has a 
croTio/ block at ihe lop and a platit some distance removed 

from the base of the derrick. The largest machine that has to be 
powered is the (hare rcorAw, by means of which the drill pipe is hoisted 
in and out of the hole. Operating h\ either a "take off" from the 
draw works or by independent power are the mud pumps and the 
rt)t(ny table. M'he latter is circular but has a square slot in the center 
which turns the kelly (described below). The table rotates in a 
hori/ontal jjlaiic. Above il, su.spended by cables from the crowm 
block, is the traiu'lin^ block, to which the huge hook is attached. 
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The travelifiji^ block and hook carry the weight of the tools and 
drill pipe in the hole. The cable that loops back and forth between 
the traveling block and the crown block ends up spooled around the 
reel on the draw works. At the top of the string that extends down¬ 
ward to the bit at the britloni of the hole is the giant swiifel; the 
non-rotating section of the swivel is suspended from the hook by 
steel elevators. Next behiw is the grief stern, or kelly, which is square 
in cross section so that it just fits the slot in the rotary table. As the 
table rotates, at speeds exceeding 300 r.p.ni., it turns the kelly which 
turns the drill pipe which rotates the bit at the bottom of the hole, 
rhe drill pipe, into the top section of which the kelly is screwed, is 
circular insteail of square in cross section. It serves the dual pur|)osc 
of turning the bit and acting as a conduit for the drilling mud that 
is pumped down from the surface. .At the bottom of the string of 
drill pi|)e, separating the pipe from the bit, are one or more drill 
rollars. The bit itself is screwed into the base of the lowest drill 
collar. Rotary bits are of several types; bits commonly used in 
cutting rock are shown in Fig. Ifi. As the bit is rotated on the boUom 
of the hole, the teeth chip away at the rock. At the same time, a 
stream of mud issues from the botit)m of the bit, keeping the bit and 
rock formation cool so as to prevent vitrification and simultaner)usly 
tarrying the cuttings away from the bit and up the hole toward the 
surface. 

I'he drilling mud is stored in a dug pit or in specially built tanks. 
I'he mud is ])icked up by powerful puinj)s which drive it through 
|)ipe aiul flexible hose into the tojj of the swivel, and from there it 
travels (“circulates”) down the drill pipe to the bit at the bottr)m 
and then back uj) ihe annular space between drill pipe and rock wall 
to the surface. There the cuttings arc removed by screen or settling 
tank and the mud is returned to storage for re-use. In addition to 
the lubrication and transporting functions already mentioned, the 
Iluid reluming up the hole is under such pressure thal it (1) siqjports 
the walls and thereby prevents caving; (2) may prevent wasteful and 
costly “blowouts” when high-pressure gas is encountered unexpectedly; 
and (3) efl’ectively seals off watei' veins. The circulating mud may 
also seal olf oil and gas formations; no one can guess the number 
of reservoir rocks that have been inis.sed in the irast in this way. It 
is now possible to contract the service of a trained crew and a s]3ecially 

»»L. L. Payne, '“Design anti Appliealion uf Ruck Hiis," Siibsurfave Geologic 
Methods (Cult). Scliool uf Mines, HMD), pp. 5-11-562. 
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built trailer to aid in detecting pay zoneji; various devices arc used 
to detect the presence ot hydiocarbons, even in exceedingly minute 
amounts, in the mud letuining fioin the well. 

The fharactei ol the iiiiid fluid ciiciliated in the well can be, and 
is, vaiied to suit diilcient conditions. Foi drilling through clay, clear 



I |[ lb 1 \pLS 1)1 Ijils 1 0|) \ blank hil It iiisli I pu (si)fl IniluaLiniis) 
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1 ili.iiiinnil Last scl (haul luiiiiaiinns) Itollniii Irll, ibiciMx.i) bils LLMilri, pilnl 
Upt 111*111 b^li tail hits I I tuhti!* SnJ)l)h ( ntnpafiy. 

vvalei (which weighs 8.85 pounds per gallon) is used. The usual mud 
IS a ila)/watei mixtuie that weighs lioin Dy, to 10 pounds per gallon. 
Foi drilling thiniigh salt, a satinalcd brine is prepared so that the 
licpiid will not dissolve the wall rock A pulverized limestone mud, 
weighing about 11^/^, pounds pei gallon, is used when dulling cavern¬ 
ous rocks II stiong gas prcssuies are anticipated, the weight ol the 
mud may be built up to 17 or more pounds per gallon by adding 
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pulverized harite or other heavy minerals. Still other ingredients 
may he added to ehange the visrosity or the gel strength ol the fluid. 

Highly cavernous rocks may cause much trouble because of “lost 
( in ulaI ion.” Many tons of hay. and even stranger material, may 
be added to the fluid pumped into the hole in the hope of either 
filling the caves which are “stealing” the mud or damming the channel- 
ways so that (irculation ran be n^stiired. 

Obviously, bringing the bit out for replacement is much more 
compliiated when ihe bit is at the bottom of a string of rigid steel 
pipe than when it is suspended by a cable. When the hole is deep, 
a round trif) consumes many hours. In rorning nut of the hole, the 
string is first raised above the bottom of the kelly and steel wedges 
or “slips” plared in position to prevent the siring from dropping back 
down. T he kelly with overlying swivel is disconnected from the 
suing and drojjped into a slanting hole, the “rat-hole” prejiared for 
this purpose, where they are out of the way. Subse(|iiently, the string 
is raised, three or four lengths of drill ])ipe at a time, above the 
di'trick floor, the pi|je below is suspended by the slips, and the tliieo 
or four-length sections are unscrewed and racked in a corner of the 
derritk. One member of the crew, mounted on the foible board high 
u]) in the rig, assists in the lacking. Eventually the bit is brought 
to the surface and replaced, and the entire ])rocedurc is repeated in 
I (‘verse. 

During the drilling oi a rotary well, the driller watches a gauge 
and hy means of (niurols regulates the pressuie on the bit at tlie 
bottom of the hole in atiiirdance Avilh tlie chararter and the siruciiire 
of the rock. I he bit in a rotary-drilled hole can wander off from 
the vertical foi’ a considerable distance and still be rotated by the 
drill pi])e. Orooked holes in the Seminole District, Oklahoma, reached 
such magniiiide that the dejiih figures weie as much as 80(1 feet (in 
"1000 feel) greater than the actual de|Uh. I’he lateral distance across 
which the hit wandered Avas as much as the distance between wells. 
Obviously, geological records, siuh as .structure (ontoiir maps, made 
from the logs of crooked holes are of ipiesiionahle value. Since the 
hectic days at Seminole, hoAvever, the techniipie of drill hole survey¬ 
ing''’" has developed to such an extent that it is now possible to 
determine the exact position, both horizontally and vertically, of any 
point in a rotary-driA eii Avell. Modern jirai tice is to detiTinine devia- 

F. H. l/.ilu'c, “(’riMikeicl Holc.s— \l*xI liii|KirLaiU IMolileiii," Oil and Gfi.s Jtnir. 
(Murcli UH. lilli!)). pp. -iS H scq. 

|. R. Munlink, )r.. “Oil Wi’ll Siirxcyiii^." .Sn/j-Mo/nr t (ieu/ngir Melhods (Colo. 
Srliuol tif Mini's. l[ltn). )>p. ITtF 179. 
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tioii before it beroines serious and 
resume a vertical tourse by use oi a 
whipsto(k (Fif^. 17), which is placed 
in the hole and which diverts the 
bit back into the desired direction.®' 

Not only have the peLioleuni en¬ 
gineers learned how to pi event 
"LTooked’' holes hut also they have 
developed a Lethniijue loi diverting 
holes v^heii desired. A verv prac¬ 
tical apj^lication ol [his technitpic 
has been in killing “wild” wells by 
diilling a new well so as to in in¬ 
cept the blowing oi biiiiiiug well 
at depth and then pumping water 
or iiiucl into the wild well until it 
is finally subdued.'’ Oilua uses ol 
diretlional chilling include redlin¬ 
ing the lower jiail ol the sti.iti- 
graphic section in ordci to jieiie- 
Li.ue a latciallv iiu onsisteni pay 
/one missed b\ the fust (stiaight) 
hole, and using one* e\])i‘nsive chill 
ing site, such as an over wain ciib, 
lor the diilling ol as many as loin 
diverging holes. 

'I he lock samples obl.iined in Hi¬ 
lary chilling are ol twM) tyjies, cui- 
lings and cores."’' Rotary drill cores 
can be obtained in three ways: by 
conventional core barrel, by wire- 
line core barrel, and by a side-wall 
corer. The conventional core barrel 



III.. 17. \\hi|)simk. 1 I'il; bii enm- 
iiiji' iiiiii wlii|'siiiik .11 lii|) 
hil .nil! ill ill sli'iii, iliM'ili'il liN \\lii|j' 
Miick, ili^^iii^ iivw hull' ( ri/i7/r.s) 
( oloHidfj Sf/njfil of Mmrs. 


is placed at the end ol the drill ]ji])e sir ing in jrlace ol the usual bit. 
As the barrel rotates, teeth at the bolLom cut out a core which rises in- 

m |nlin R. Siiniaii, “Diilling, "I rsling :inil f niiipli'linn," hlemeiit\ ol the Petm 
Iniin Industry f \in. liisl. Mill. Mel 1 ii^iiil'L'IS. Nuw ’^nik. UMO). pji l(il-IH0. 

P IS. ^fll 1 tl^^k, |i.. "( null til Ic'fl Dii ciliniial Dulling,'' Suh\uiffi(E Geolo^it 
Mrlhods (Crilii. Srlinril rif JMiiU's, ItlUl), |>p. 1,13-lfifr 

(101111)11 D. Nithnlson, "DiitMlinii.il Hnlu 1 .iiiu‘s ( .in.itlian Wilil Well,” IT’m/r/ 
Oil, \’ol. 12fl fOilnliiM. IfllK), pp 21.^ rt srq, 

H 1 I .inrliia. ‘Toiing 'I erImirpiL's anrl AppliLitlioiis," SuhAU7fnfe Gro/ogir 
Methods fCnlo. Siliool nf Mines, IttlH), pp. i)2l-rill. 
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side the barrel as the hole is deepened. When the barrel is filled, the 
driller must tome out ol the hole and remove the eore. This is a time- 
consuming process, but it docs result in a core of maximum possible 
thickness. 

The wire-line method of coring removes the necessity of making 
a round trij) in order to remove the core. With this method, an outer 
barrel, or drill collar, with fish-lail type of bit on the end is kept 
ai the bottom r)f the drill pipe. “Ordinary drilling may be done in 
the usual manner by dropping a bit plug inside the drill pipe to 
shut olf the main core-barrel passage through the bit and divert circu¬ 
lation through ])orts to the bit blatles. When a core is to be taken, 
the bit plug is removed by means of an overshf)t run inside the drill 
pipe on a wire line. The inner core barrel with a core-catcher 
assembly in the bottom and a vent valve in the toj3 is then dropped 
inside the drill ])ijH’ and automatically latthes into place in the drill 
collar. After the core has been cut, the inner cr)re barrel is removed 
by means of the same overshot and wire line used to recover the bit 
pli'K ” 

A fairly recent development in bottom hole coring has been a 
return to the use of diamond drill bits. Since the early l[)20’s, bard- 
metal rock bits have been used for oil field coring in order to lowei 
costs, but it has been at the expense of complete core recovery. With 
the growing inijjoi tame of stratigraphic detail to oil-finding and maxi 
muni ])ossihle recovery cd oil, the geologists and j)roduction engineers 
have found the gaps in the i oios, unavoidable with conventional bits, 
lo be decidedly undesirable. The diamond-studded bits enable the 
driller lo obtain Iroiii \)b lo 100 per cent core recovery. Fiirthermoj e, 
exjierience has shown diamond drilling to be faster and cheaper in 
hard forma lions.-'*- 

Side-wall coring has proved to be highly jiraclicable, and as a resuli, 
several dilferent methods of coring and types of sidowall rorers have 
been develcjjjed. These may be classified into three groups: punch, 
jiercussion, and rotary.The punch type sends a small core barrel 
(or several barrels) into the wall of the open hole by the force exerted 
by the weight of the drill i)ipe above the corer. llie percussion or 

John R. Siim:iii. "Drilling. 'J esting anil Comjjlelinii," Ehmvnts of the PetroJeum 
Industry (.Am. liisl. Min. MlM. LiigiiiL'Civs, New A ork, 19-10), pp. 181-1R3. 

•'id Kali |. klapka, "Diilling with linluslrial Diainiiinls," }Vorld Oil, VdI. 128 
(Oeiribcr, 1918), pp. 98 vt seq.: Jnseph J. Satina anil Rnbeil 1.. roimilsiont?, "IDia- 
iiiiiiul Drilling in the Oil liiiliislry," Mines Mtig., Vul. 39 (Derembcr, 1.919), pp. 30 
rt seq. 

j. E. Kastrop, "Siilcwall Sampling Tools and I'echniipies,’’ 11'orld Oil, Vol. 128 
(I*arl 1. November, 1.9-18. pp. 100 et seq.; Pari 2. December, 1948. pp. 7ti ef seq.). 
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bullet type of side-wall corer shoots a core barrel into the wall, whence 
it is retrieved by a wire line initially attached to one end of the “bullet.” 
The third type is a laterally directed rotating bit and core barrel 
operated by electric motor lowered into the hole. 

In actual practice, side-wall coring is usually done only after the 
hole has been drilled and an electric log made. Then side-wall cores 
are obtained at points which may be indicated by a study of the 
electric log, or at points where bottomhole coring w^as inadequate 
because of missed sections or incomplete recovery. I’lie advantages 
of this method are several."*'^ Complete bottom-hole coring is ex¬ 
pensive and often unnecessary. By first completing the hole and then 
examining critical parts of the section (as determined from the electric 
log) by side-wall cores, adequate data regarding porosity, saturation, 
contacts, facies, and so forth can be obtained at minimuni expense. 
Furthermore, portable rore-testing equipment and j^ersonnel can be 
brought to the well for use during this relatively brief period of coring, 
instead of periodically shipping cores in to the main laboratory. 

In addition to noting the data for a time log, the rotary driller 
also writes up a log based on his identification of the cutting and 
core samples produced. But niiuh more imj^ortant in rotary drilling 
is the opportunity to obtain an electric log, which is not possible in 
wells drilled with cable tools because of the presence of rasing. The 
running and use of electric and other logs are discussed in a subse¬ 
quent section. 

The usual practice in rotary drilling is to case oil the surface 
water by a relatively short string of casing and then go the rest f)f the 
way without casing. Hf)wever, if the well is to be drilled to deptlis 
in the neighborhood of 1*5,000 feet or more, an intermediate string 
of casing is set. The mud lliiid kept in the hole at all times prevents 
caving. If oil or gas is struck, casing is run to the producing zone 
and cemented into place, and the mud is pumped out. 

The advantages of the rotary method over standard drilling are such 
that this method has displaced the standard in nmst areas, esjjecially 
where deep drilling is practiced. U’he nec essity of repeatedly inserting 
a string of casing and then proceeding with a smaller hole plac:es a 
severe limitation on the depths that can be reached with cable tools. 
Very few standard wells have been drilled over .5000 feet, and the 
deepest well cm record of this type was bottomed at 10,096 feet."" 

1 .ce Floriil. “SiLlcwall CDiin^ in the fiulf Cainsi Area," Petrol. Enffineer, 
Vol. 12 (Maieh, 1911), pp. l.')(i-l-57. 

■'»» F. M. Van 'I'liyl anti W. S. I.evinf;.s, "Review iif retrolciiin fieoln^y in 191.^," 
iluarterly Colo. Srliool of Mines, Vnl. 11 fjuly, 1917), p. 10. 
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On the other hand, there is no known limit to the depth to w^hich 
rotary wells can be drilled. The deeper wells require larger, heavier, 
and costlier etjiiipment. I'he limitation on drilling deeper is purely 
economic; when drilling costs exceed possible returns there is no 
j)oint in continuing further. 

Other advantages of the rotary method include the shutting off of 
water sands without resorting to casing, much less caving, lesser blow¬ 
out hazard, greater completion diameter, less cost per foot for deep 
wells, greater speed (as much as 1000 feet per day) in soft rocks, and 
the ready availability f)f ct)res and electric logs. 

A combination type of rig is very popular with stnne operators, 
riiis rig has both a rotary table and a w'alking beam. One common 
jji'ocedure is to drill through the upper rocks, especially where shales 
are abundant, by the rotary method and then to convert ("standard¬ 
ize”) to cable tools and drill the well into the potential reservoir 
rocks by this means. Where the water lies close below the t)il, so that 
the driller wants merely to puncture the top of the reservoir, this 
procedure is ideal. If he drills in with rotary tools, he might go 
through the oil and into the water before he knows that he has reached 
the reservoir rock. 

Drilling Depths."” The date and depth of the first drilled well are 
unknown. Cioodrich mentions a brine well in C^hina drilled to IfiO 
feet abenit 221 ii.r;. Ry A.n. 1H5^, wells were being drilled below 2000 
feet; an artesian water well in St. Louis reached a depth of 2I!K^ feel 
that year. After somewhat over 2000 years of well drilling, in 1928. 
the deepest well was a producer in west Lexas which had penetraietl 
8.523 feet into the earth’s crust. The deepest well as of October, 1950, 
was a test in Sublette County, Wyoming, which reached a depth of 
20,521 feet before being abandoned as a dry hole. The downward 
disettvery of oil has not, for the time being at least, kept pace with 
drilling depths: the deepest producer in 1928 was also the deepest 
well, l)ut the deepest producer in October, 1950, was a California well 
producing Iroin 15,5.30 feet, nearly 5000 feet above the bottom of the 
deepest test. 

There is nothing in sight to stop the continuing establishinent of 
new drilling depth records except the complete penetration of the 
sedimentary rock veneer. Inasmuch as the maxinuim depth to the 

'*■" Krfiusiiiu* Ail:iiii.s, "Deep Diilliii^ T.s Finiling Oil." /VOo/. ICuf^inper, V'lil. I<) 
(I'eljniaiy. intH), pp. ■i.S-.'in. 

H. il. (iiMHlriLli, "Kaily Exploniiioii Mcihoils," World Petrol., Vol. 10 (Mav, 
I03n). p. 32. 
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basement rocks in the Gulf Coast and California provinces probably 
lies somewhere between 30,000 and 50,000 feet nr deeper, we can ex¬ 
pect the record-breaking testing to continue as long as the price of 
oil justifies such expensive exploration. 

SAMPLES. The materials obtained during the drilling, and after 
completion, of both exploratory and oil and gas wells are of utmost 
value to the petroleum geologist and to the jjelroleiim engineer. The 
petroleum geologist uses the materials obtained from the subsurface 
to give him a three-dimensional picture of the earth’s crust; the en¬ 
gineer decides on the treatment to be given the well itself, and the 
future development of the area, from these samples. T ypes of earth 
materials collected and studied during the life of a well include rock 
cuttings, cores, water, oil, and gas. The petroleum geologist is most 
concerned with the rock samples. 

Cuttings.'’- Cm lings are the rock fragments broken or torn from 
the rock being drilled by the bit at the bottom of the hole. Where 
cable tools are used, ihc cui tings are broken from the rock by the 
pounding of the sharjiened edge of the bit. T hey are j)eriodically 
removetl by the bailer, and samples are caught on ihe derrick floor 
when the bailer is dumped. The samples are placed in cloth sacks 
which are labeled as to depth, well name, and location. Rotary 
tunings are torn from the rock by the rotating bit and are brought 
to the surface by the circulation of the drilling mud. There samples 
arc caught by either a “shale .shaker” or by a box conncited to the 
mud return line. T hese samples are likewise sacked and lal)eled, but 
determining the depth figure is not the .simple jirocedure it is with 
cable tool cuttings because of the time lag between the tearing off 
and the capture of the sample, during which interval the drill has 
continued to “make hole.” However, the circulation lime can be 
calculated by rule of thumb, or by actually liming the circulation 
of an easily identifiable substance, such as rice or corn. These data, 
coupled with the time log kept by the driller, will permit a fairly 
accurate estimate of the true depth. The estimates can be subse¬ 
quently checked against the electric log for accuracy. 

In earlier days of rotary drilling, the samples obtained were of 
questionable value because of contamination with cavings from higher 
beds, powdering the sample by the bit, failure of the mud to carry 
the samples to the surface, and recirculation of the cuttings them¬ 
selves. Through an intensive study of drilling muds, the engineers 

“- John M. Hills, "Sampling and Kxaminalinn of Well Ciitiiiigs," Hall. Am. 
Assoc. Petrol. Grol., Vol. 33 (January, 1949), pp. 73-91. 
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have worked out the weights, consistencies, and pressures necessary 
to "mud off" the higher beds adequately and at the same time pick 
up the cuitings and bring them to tlie surface with efficiency and 
dispatch. Recirculation of rock fragments can be prevented by the 
use of large settling pits. Although the cuttings differ in appearance, 
because they are sheared from the rock instead of being hammered 
i)ff, rotary samples obtained by modern inethcjds are of comparable 
geologic value lo those obtained by cable tool drilling. Some rotary 
samples are sujjcrior to cable tool samples, owing to larger si/e. 

Hotli types of samjjles must be "washed" before being used ff)r 
geologic: study. I'his is in reality a rinsing process which removes 
the dust or mud fibn that coats the rock fragments and so makes 
their recognition clilliciilt, if not impossible. 

'I’he si/e of the sample jjarticles is highly variable because of a 
number of factors, including drilling method, type of bit, shar])ne.ss 
of bit, hardness of rock, and consistency of rock. Some of these factors 
are inherent rock cliararterisiics, but others are subject to drilling 
variations, and so size f)f particles is not a reliable characteristic for 
use in correlation. It should be noted that only for a friable t:lastic 
rock, such as a sandstone, is the partic le size also the grain si/e. 

WvW c uttings are examim^d by the geologist with a binocular micro¬ 
scope. The first stej) is the identification of the rock or rocks repre¬ 
sented in tilt: sample. Vhv purpose of the e.xamination may be either 
to look for ac lual or |ioteniial oil or gas reservoir rock, or to correlate 
the rocks with those known elsewhere, or both. In the first case the 
examiner is especially comerned with possible oil stains and witli 
evidence concerning the character and the degree of porosity and 
Ijcrmeability of the rock. He also studies the samples for clues that 
might lead lo nearby reservoir rocks. Coarse sand grains in shale 
suggest nearby lenses of sandstone, and calcareous zones in shale may 
be peripheral lo limestone reefs.'-^ If correlation is the primary 
objective of the geologist he searches for lithologic and palcontologic 
characteristics wliich may be diagnostic. At the same time he lotiks 
for evidences of unconfonnilies.'’^ 

Idle usual procedure in the examination of well cuttings is to 
prepare a jjlotted sanqile log, which is described in the next section. 

Paul WiMMT, " riu' (■iMiln^iral Inlcqii'LMaUiin ot Exploratory AVclLs," Oil and 
(wfis Jiiiit., N'nl. 17 (March 17, Mil!)), pp. 102-10-1; liiill. Am. Assoc. Petrol. Oro/.. 
\'ol. (July. 1!M!1), pp. ll.Sa-IMI. 

\V. r. KninihL’io. "Ciriirria lor SuhsuiTace RcrD|^iiiLioii of L’licoiifoiniitics,” 
Itiill. Am. Assoc. Petrol, (irol.. Vol. 2fi ( |aniiary, 1912), pp. 36-62. 
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In special cases, however, the samples may be g^iveii unusual treatment. 
If fossils, especially microfossils, are abundant and are used locally 
in correlation, they will be sorted out Ironi the inorganic materials 
and studied V^y a specialist.Sands and incoherent sandstones can 
be studied by the usual techniques of the sedimentologist,'"' including 
the separalion and examination of the heavy ininerals present.''" 
The insoluble residues obtained by the digestion of carbonate rock 
in acid have been used with success in correlation.''''' Another possible 
correlation tool is the X-ray; the diffraction pattern obtained from 
a powdered sample of a rock is due to the mineral composition of 
that rock and may be diagnostic. 

Cores. The cores which may be obtained during ihe drilling of a 
well are of utmost value to both production engineer and geologist, 
riie engineer can obtain quantitative data regarding porosity, permea¬ 
bility, and oil saturation; with cuttings, sucli data are largely quali¬ 
tative. For core analysis^" the engineering department has a well- 

Miiriin F. Glaussncr, Principles nf MicropnJneonlttlofry fVVilnv, ^Drk, IPtO): 
A. IVtuiipy Davies, "I’alenmnlo^y," The Srioirc of PchDlcnm (Oxforil Diiiv. Prrss, 
J!)‘iK), \’ui. 1, pp. .son ‘Ids; W. i.. 1'. NiiUall, “Micic>-l*aU‘nntolo};v," ilfid., pp. 

.Sll; Hiilifril C. Srlinirk, “A|j[ilic(l PaUrniUoln^N Hull. Am. /I.v,wc. l*ehol. 

\’nl. 21 fOclDbcr, 1.010), pp. I7r)2 I77S: Carov tlioiiiMs, "iVfinopalcoiiinln^v—Pasi ami 
I uuhl*," Hull. Am. /l.wfir. Peirnl. (irol.. N'ol. 2.5 (July, Kill), pp. 120K-.12.55: 1.. W. 
LcRciy, “Min(ipali'inilnlri^ic Aiialysl.s,’' Suhsiirfurc (irolo^ic Melliofis (Clolo. ScIiddI 
lit Miiirs, 1.01.0), pp. 5S-KG. 

I. K. Ciai flp.sni and M. H. nillin;;s, “Dsi- ut ML'ihaniial Sand .Analy.sts fin 
Crirri'l:ilii)ii l*in posL’s," Bull. Am. A.s.u)r. Petrol, (irol., \'i)l. 21 ffli inhcr, 10'17). pp. 
l.Sll-LO-12: Gnidiin KiULnhnii.sc, “Dt'irilal MiiiLMaln^y. ' .S’(r5.s7/r(r/rr ('.eolti^ir Mellmrls 
fC'idn. Sclirinl of ^^illc.s. 1,01.0), pp. 87-111: F. W. Fi’Roy, Inin jKipcrs iiii .sriliniL'ii- 
lnlnt;y. op. ril.. ])p. 151-108. 

'5" R. D. Rri-d and J. P. niiilcy, “Sidj.snifarc C'.imul'.iiinn liy Mlmii.s nf Ilravy 
Minrrals," Bull. Am. A.ssoc. Petrol. Grol., \’nl. 11 fAjnil, 1027). jj|j. .05!)“30H: 
A. Ui:iiiiiii:d1, "1 In* Currpl.'itinn of SL'dimmiCs hy Minri':il tailciia," Srioirp of 
Petroleum fOxfnrd tbiiv. Pirss, 10‘i8), Vnl. 1, pp. 312-311. 

Raymnnd Sidwfll, “Aid nf Scdinicniaiy Pcirnlnf'y in ihe Di.sinvtMy nt Oil." 
Jour. Sed. Petrol., Vnl. 1.3 (Drcfiiilu-i, 101.3), pp. 112-110; H. A. Irtrlaiul, “1 ii-siilnhU: 
Residues," S\ibsur\nce Geologic Methods ff^nln. .SdinnI nf Mines, 1010) pp. 111-128. 

“f D. IT. Rrviinifis. Eldnn A. Mt’ans. Liiidsry Ci. Mni 7 ;:in, “Ap|jlicalinn of X-Ray 
Crystal Analvsi.s Ui a ProldEin of Pclrnlfimi Ccolof^y,” Bull. Am. Assoc. Petrol. 
Gvol., Vnl. 21 fOilnhiT, 1037), pp. 1.33,3-1.3,30; N. Cyril Scliiull/, "X-Ray Analysis,” 
.Subsurface Geologic Methods (f^nlw. Si’lmnl of Mines, 1010), pp. 211-238. 

K. DeCnIyer and Harulil \-anrc, "Bililin^rnpliy on the I'elrnleinii Industry," 
Bull. A. and M. Coll. Texas, 83 (1011), pp. .3.5.5-300 (6 pa^es of rEfeienrcs); Jnhn R. 
Simian, "Drilling, Tesiiiig. and Completion,” Elements of the Petroleum Industry 
fAm. Inst. Min. Met. Eng., New 3'ork, 1940), pp. 187-100: M. D. 'I’aylor, “Determina- 
lion of the Porosilv, Pcirneahility, anil .Saiuiaiion of Core Samples.” Oil and Gas 
Jour., Vnl. 40 (Nov. 20, 1041), pp. 40 ct seq.; Ci. E. Ariliie, "Electrical Resistivity 
an Aid in Core Analysis Inlcrpretalion,” Bull. .dm. .Issnc. Petrol. Geol., V'ol. 31 
(February, 1947), pp. 350-306; John C. Calhoun, |r., “Mclhnds of Ohlaiiiiiig l*nin.s- 
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equipped laboratory and in addition may have a trurk-mounted 
portable laboratory lor rapid determinations in the field. Porosity, 
which is expressed in percentage, is the ratio of the volume of pore 
spare to the total bulk volume. Permeability is "the volume of fluid 
of unit viscosity passing through a unit cross section of the material 
under a unit pressure gradient in unit time." The unit of permea¬ 
bility is the "darcy," or, more commonly, the "millidarcy,” which is 
0.001 darcy. Saturation studies are for the purpose of estimating the 
percentages of pore space occupied by oil and by water. 

The geologist can obtain from cores the textural relationship within 
the rocks, which is not ordinarily possible when dealing with frag¬ 
ments. Even larger features, such as unconformities and rock dips,"- 
may be visible in cores, esjjecially in the large-diameter cores now 
Iteing obtained with diamond bits. Tbe degree of dip can be read 
directly from the core; the direction of dip can be ascertained only 
from an oriented core, which can be obtained by one of several 
methods.Weaver ' • has pointed out the value of petrofabrics 
in determining the structural position of a single isolated well and 
in recognizing faults by slip planes and shattering. 

Macrofossils may be present in cores to assist in correlation. Clean 
material is available tor chemical analyses for special purposes, such 
as the determination of the possible source rock by the nitrogen rediio 

iiy,” Oil mill (Irts Jour., Veil. 47 (Nov. IH. I!MK), ji. 121; F. It. IMiiiniiin niul \\ V. 
I'lipii. "'rLThiiii|iit? Ill rL-.sliii» C'.iirir.s of Oil Saints.” Jinll. .hn. Issor. Prfinl. 

(iffol., Vol. 27 (Jaiiuary, IfM-t), pp. (il-HI; Jninrs A, Lewis, ‘‘C'.ore Analysis, an Aiil 
til Inneasinm lliu Reiaivery ol Oil,” Am. Inxt. Min. Mr/. Pnirifiet'r Tcrit. Pnh. IIS7 
(l!Mli), H p|j.; R. A. Mui.si*. P. L. TcrwilliRer. anil S \\ 'tiislLT. “Rulalivc Periiii'a 
liilily Mi'asiireiiiL'iils mi Small Ooic Samples,” J^rtnhirer.s Monthly, \o\. II (\n_i;ii.sl. 
l‘M7). |ip. l!)-2r): .Annn., “Sail Water Yanl.siick,” Thr Link, \'ol. 12 ()unE, 11117). 
pp. H-11; Dimiiil Hillis, ‘‘(ailurimelrir Melliml of Delermining l’EMi:tMilai;e nl Oil 
in Cnre.s,” Hull. Am. A.s.sov. Prtrul. iicol., Vol. 21 (NDvemlier, 111.^7). pp. 1177-1 
Juhn (i. ('aian, "Clme Analysis,” Subsurface Geolofric Melhoils (Colo. Sehoul ul 
Mines. I DID), pp. 2.4«-2ril. 

71 |i)lin R. Siinian, op cii.. p. IDl. 

72 (Charles A. Saiisom. ” Llie Inlerprelalion of Core F.viilenrc,'’ Srirnre of Petro¬ 
leum (OxI'oi lI Hiiiv. Pi css, 1D3H), \'ol. 1, pp. 502-.507: E. F. Slrallon anil R. (i. Flaiiiil- 
liin, ‘‘DipiiielEi' Surveys," Snh.snrfare Geolof^ic Methods (Coin. School of Mines, 
ID ID), pp. 517-521. 

- 7;{ Hugh McClellan, "Core OriEiilation by Craphiral anti Mathemaiical Meihntls," 
Hull. Am. .-Issor. Petrol. GeoL, Vol. 32 (Fehiiiary. IDIH), pp. 262-282- 

7-I Paul Weaver, ‘‘ I’he CEohigic Inlei pi elation ot Exploratory Wells.” OH and 
Crr.v Jour., Vol. 47 (March 17, 1D49), pp. 11)2-101; Hull. Am. Assoc. Petrol. Ge.nl,, 
Vol. 33 (July. IDID). pp. 11.35-1114. 

75 Wan Ell W. Wagner, “Petrofahrif Aiialy.sis,” Subsurfnre Geo/ogic Methods (Cnio. 
ScliiM)! Ilf Mines, IDID), pp. 135-150. 
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tion ratio method/” or the search for porous doloniiti/ed limestone 
by the magnesiura/calciuni ratio/^ 

The major disadvantaj^e of cores as permanent geologic records is 
their volume and weight. The mere transportation from held to 
office may be an item of considerable expense. The construction 
and maintenance of a "core library" where cores are kept accessible 
for further study are also fund-consuming, but the costs arc much 
less than those involved in obtaining tlie core in the first place. The 
oil industry’s revived use of the diamond-studded bit has greatly 
increased the amount of rock core produced each year. 

Water."'^ Many thousands of samples of oil-held waters have been 
analyzed, probably in part because of the ready availability of water 
and the relative ease of water analysis. Nevertheless these analyses 
have assisted in solving a number of engineering and geological 
problems. 

In earlier days t)f water analysis, a number of misconceptions arose 
concerning the relationship between the occiirrence of oil and the 
mineral content of the associated water. It is now known that there 
is no relationship between the two; the associated water in some 
of the Michigan oil hehls is highly contientrated brine, whereas in 
parts of the Rocky Mountain district it is almost drinkable. About 
the only generalizations that can be maile are (I) the deeper the 
n;servoir the more mineralized the water and (2) the brine concentra¬ 
tion increases between outcrop and basin. The waters of differeni 
formations may tlillcr sufficiently so that the analyses can be used for 
correlation locally but not regionally. However, because of these 
local dilferences, the engineers have found it possible to identify the 
source of new water apjjcaring in an oil well so ihat steps can be 
taken to prevent further incursion. Similarly, geologists have lieen 
able to locate faults by water analyses, and a structural uplifi can be 
suspected by the finding of concentrated mineralized water at a higher 
level than usual. 

"K Parker D. rrask, "One Way of Finding Oil Mure (iliea|ily,'’ Oil and Jnur., 
Vol. 36 (Ndv. 12, 1937). fip. 120 ft seq. 

77 Keiinelh K. Landes. "Porosily through l)nloinili/.nLi[iii," Bull. Am. A.ssoc. Petrol. 
Geo!., Vol. 30 (March, 1946), pp.'30.'>-31H. 

7« L. C. Case et al., "Selected Annotated Bililiogiaphy on Oil Field Waters,” Bull. 
Am. Assoc. Petrol. Geol., Vol. 26 (May, 1.912). pp. 86.5-881; C. W. Washhurne et at.. 
“Oil Field Waters,” Problems of Petroleum Geology (Am. Assoc. Petrol. Geol., 1934). 
Part VI, pp. 833-98.5; C. E. Reistlc, Jr., "Identification of Oil Field Waters by 
Chemical Analysis,” V. S. Bur. Mines Tech. Paper, 404, 1927, pp. 1-2.5; L. C. Case, 
"Application of Oil Field Water Studies to Geology and Production Studies,” Oil 
Weekly. Vol. 119 (Oct. 29, 1.94.5), pp. 48-54; James G. Crawford, "Water Analysis," 
Subsurface Geologic Methods (Colo. School of Mines, 1949), pp. 188-210. 
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Oil. Kver since Professor Sillinian of Yale made an analysis of 
weslcrn Pennsylvania seep oil for the promoters of the Drake well, 
it lias been the practice, where oil is discovered, to obtain samples 
for examination and analysis. The analyses of crude oils from 283 
important domestic: oil fields have recently been compiled and pub¬ 
lished."'^ Alihouf»h the primary purpose of makinj^ these analyses is 
lo determine the value of the oil and to supply essential data to the 
refiner, geologists have found the character of oil to be of value in 
solving problems of correlation and migration. 

For geological study it is now customary to transform the analytical 
data into a “correlation index”; tliis may be applied directly,or 
it may be used in grouping the crude oils into various types.®- Where 
only a small sample of ml is available in core or cuttings, the index 
of refraction may be used as a substitute for gravity determination 
and even chemical analysis. 

As a general Init not invariable rule, crude oils from the same 
stratigrajihic levels in a single oil province are similar, and those from 
dillerent ages of rock are dissimilar.®* For this reason, the analyses 
of petroletmis have lieen used fcjr purposes of stratigraphic corre¬ 
lation; they also can be used to prove the absence of vertical (trans¬ 
formational) inigiation, as at Oklahoma City where the oils in the 
Peniisylvanian formations are dillerent from those in the underlying 
Ordovician rocks. Fxcc'ptions to this general rule may signify vertical 
migration, as on rriniilad and at Garber, Oklahoma, where like 
oils arc foil ml in fourteen superimposed reservoirs. 

tl. MrKiniu’v :iii(l O. C. llhnlc. “Analyses of Crmlc Oils fmiii 2H3 Tmporlant 
Oil I'iclils ill the lliiilL'il Siales,” V. S. liur. Mines Ilepl. hivcstifratinus, 1289 (May. 
IMIS), I Til |)|i. 

H. M. Siiiiih, '‘ClnnI'laliini liiilcx lo Aid in Inlirrpreling Cruiie Oil Analyses,” 
[/. S. liur. Mint’s Trrii. Vtipn, fill) (IMtO). 

L. M. \i*uman vi nl., "Ri-laiiiiiiship of Criiilt* Oils and .SLi:ali,i;ra|jliy in Parts of 
Oklahrnna anil Kansas/' Hull. .lin. .-Issue. Prirul. (IvuL, \’ol. 25 (Scprcniber, IMtl), 
pp. 1801-1 SIM). 

]. (i. Ciaufnrd anil R. M. Larsen, ” 01:1111 ilmill-s iiiul Types of Crude Oils in 
korky Moiiiiiain Region/' Bull. .4m. .Issue. Petrol. Uvul., Vul. 27 (Ottober, 19-13), 
pp. 1305-1331. 

Hiillis n. Hedlierg, "Lvaliiaiion of Pelriileiiiii in Oil Sands by Its Index of 
Rurrariinn, " Bull. Ini. .Issue. Pr/rul. Gru/., \’ol, 21 fNiiVEiiiber, 1937), pp. MO 1-1-170. 

Donald C. Ilarioii, “Correialion of C.i iiile Oils with S[JcL:ial Refereiiec to Criiile 
Oil of I'.ulf Coasi. " Hull. .hn. .Issue. Petrol. Grnl., Vol. 25 (April, 1911), pp. 561-592; 
L. M. Neiiiiiann rt nl.. “Relaiioiisliip of Crude Oils and Slraiigrapliy in Paris of 
Oklalioina and Kansas, " Bull. .hn. l.ssue. Petrol. Geul., Vol. 30 (May, 1910), pp. 
717-718; Charles Woliilaiiowiiv, "SliaiigTaphic Cninjiarisnn of Polish Crude Oils,” 
Bull. .-hn. .Issue. Pr/rul. Grol., N’ol. 21 (Seplcmber, 1937), pp. 1182-1192. 

K. \\\ Rarr. V. Morion, and A. R. Rirhards. “Appliration of Chemical Analysis 
of Crude Oils to Problems of Peirnleiim Geology,” Bull. Am. .issue. Pelrul. Geul., 
Vol. 27 tDcreiiibci, 1943). pp. 1595-1617. 
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Gas. There is considerable variation in naiural gases from different 
reservoirs, and from different parts of the same reservoir, in terms of 
percentages of methane, gasoline, other hydrocarbons, and extraneous 
substances such as hydrogen sulhde, nitrogen, helium, and carbon 
dioxide. However, geologists have made but little use of analytical 
data of natural gases. It has been suggested that an effective method 
of search for new oil deposits might be developed from gas analyses.'’*’ 
The lightest gases tend to migrate the farthest from the source oil; 
therefore, the plotting of “isoethane” lines, drawn through points ol 
equal ethane content in a gas field, might show the direction in which 
to prospect for the “mother lode,” and the spacing of the lines might 
be indicative of the distance. 

LOGS.*’* In oiMield terminology, a “log” is a record made during 
()r after the drilling of a well. It furnishes, directly or indirectly, a 
report of the geological formations penetrated. Some logs are rela¬ 
tively simple, giving the driller’s identificatioji of the rocks drilled 
or the time consumed in drilling each fool of hole; other logs arc 
more complex, made only after a thorough study of the drill cuttings 
or from observations taken with the help of elaborate physical or 
chemical equipment. 

It would be difficult to overemphasize the importance of logs in 
oil-searching. By means of (he subsurface geological information 
available in logs, it is possible to determine (he structural pattern 
of the rocks and to recognize lateral changes in facies. Both of these 
are important in discovering oil- or gas-bearing traps. 

Driller’s Logs.*’*’ The first well logs were lithologic identifications 
and depth figures stored in the mind of the driller, and some water-well 
drillers still operate on a memory basis. The next step was to write 
the data down in a “log book” kept by the driller. For thousands 
of wells drilled during the earlier decades of the present century, 

H. C. Alltii, “Clicniisiry KitvciiIs IinpoiLaiil I'aits,” Oil mid Gas Jour., Veil. 2H 
(Ott. 21, 192*)), p|j. 12 srtj.; Paul H. Price anil A. J. W. Hearllec, “ticiichcniisiry 
uf Natural fia.s in Appalachian Province/’ Bull. Am. A.ssoc. Petrol. Geol., Vol. 26 
January, 1*)I2). pp. Itl-S.*!. 

HaruUl Vance, F.lemenls of Petroleum .Suhsurfare Fnfrjneerififr (St. l.niii.s, 19.50), 
C;iiap. 3, pp. 10-57; E. Detinlyer ami Harold Vance, Bihliofrraphy on the Petroleum 
Industry, Bull. A. and M. Coll. Texas, 83 (19"11), pp. 369-370 and 405; Hubert Guyod 
et al., “Well I.of^^^inj^ Methods Conference,” Bull. A. and M. Coll. Texas, 93 (1946), 
pp. lGG-171 (6 pa}*es of rclcrEnce.s); Hubert Cjiiyod, “Well Logt^ing Method.s Studied 
at Texas A. and M.," Petrol. Engineer, Vol. 17 (April, 194G), p. 218; ibid. (August, 
1946), pp. 62-66; Carl A. Moore (editor), A Syniposiiim on Siilrstirfacc Logging 
Tecliiiiipies fLIniv. Book Exchange, Norman, Okla., 1950). 

L. W. LeRoy, “Driller’s Logging,” Subsurface Geologic Methods (Colo. School of 
Mines, 1919), pp. 422^25. 
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the driller’s 1 o|t is the only record available. Therefore the geologist 
operating in such areas must learn to interpret the terniinolof^y used. 
It should be remembered that the cable tool driller makes his rock 
identifications largely by /pp/— the feel of the drilling line while the 
formation is being drilled, the feel of the cuttings washed out of the 
bailer, and the feel of the cutting edge of the bit when withdrawn 
from the hole.'^" The experienced driller is quite capable of distin¬ 
guishing in this manner the three most commonplace sedimentary 
rocks, shale ("soapstone”), sandstone (“sand”), and limestone (“lime”). 

For purposes of correlation and subsurface geologic study the usual 
procedure is to plot the driller’s log on specially prepared paper log 
strips at a scale of I(10 feet to the inch. Colored pencils are used for 
the dilferent types of rock, usually yellow for sandstone and blue for 
limestone, with shale denoted by the omission of any color pattcTii. 
'Fhese strips can be "slipped” up and down on the drafting table in 
respect to each other until the most likely “match” is ednained: in 
this way formations are correlated in the subsurface from well to well 
and evenliially from one side of a sedimentary basin to the other side. 

Although they arc of less relative importance in correlation today, 
because of the availability of many other data, driller’s logs are still 
ke|U, and in some companies a two-column strip log is plotted, one 
column containing the sample log, the description of wdiich follows, 
and the other column the driller’s log. 

An additional and impcjrtant feature of the driller's log, especially 
in cable lool wells, is his notation of "shows” of oil and gas, and of 
the piesence of water-yielding formations. Some oil shows consist 
only of a "rainbow” of colors on the surface of the water bailc'd out 
of the well; a gas show may be merely a slight bubbling or elfervcscenc e 
noted when the baih?r is dumped. These oc currences can be observed 
only by the men working on the derrick floor; they leave no record 
in the samples for subsecpient consideration by the geologist. And 
yet even such minor shows of oil or gas may be very significant. 'I he 
well may be too low structurally; a second or third well drilled 
near by, but structurally higher, may strike the "jackpot.” A second 
possibility is that the reservoir rock has thinned down to non¬ 
commercial thickness, in which event subsei|uent wells drilled in the 
-direction of divergence (thickening) may find oil in abundance. Still 
another possibility is that the pay formation is locally "tight” but 
elsewhere in the same general area it has adeijuatc porosity and 

James V. Swain, "IntcrprclatiDii of Gable Toni Drilliiii; l-ogs, " Bull. Am. A.ssur. 
Petri)/. Gen/., Viil. 27 (July, 1913), pp. 997-1000. 
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permeability for commercial oil production. Many an oil field has 
been discovered ihrouf^h the encouragement given by shows in other¬ 
wise unsuccessful wildcat tests. In the same way, the notation in the 
log by the driller of “HFW” (hole full of water), or other reference 
to the presence of waler in fair abundance in a subsurface formation, 
may be of great value to the geologist. Such information indicates a 
porous and permeable stratum which under a more favorable environ¬ 
ment may be just as full of oil as it is here full of water. 

Sample Logs.”" Sample logs are plotted strip logs which show the 
identifications made by a geologist who examined the well cuttings 
with a binocular microscope. Although basically similar to the plotted 
driller’s log in showing rock types by color patterns, the sample log 
includes infinitely more detail. The less comiiion, nr less easily distin¬ 
guished, rock types, such as dolomite and anhydrite, are included. 
Furthermore, approximate percentages of chert in limestone, or 
anhydrite in dolomite, or other ingredients in a rock mixture, can 
be shown by lateral thickness of the color pattern in the vertical log 
column. Because of variations in the occurrence of minor constituents 
which are ordinarily missed by the driller, it may be possible to obtain 
more precise correlations with sample logs, and it is certainly true 
that facies changes can be studied in much more detail. Because a 
considerable proportion of each sample obtained during the drilling 
t)\ a rotary well consisis of rock sloughed off from a higher level, the 
percentage type of sample log will not give a true picture of each 
individual stratum penetrated. Therefore, in some areas the percent¬ 
age description of rotary samples has been superseded by ifHerpretivf^ 
lo^s, in the construction of which the geologist attempts to describe 
only the new material cut by the bit. 

In almost all subsurface geologic work, the study of sam|)les and 
the plotting of sample logs is routine procedure. In order to obtain 
consislency in textural descriptions from day to day and from jjcrson 
lo person, the use of a “textural standard” has been advocated. A 
process of duplicating sample logs in full coh)r has been developed; 
this may in time lessen the enormous amount of duplication of effort 
which now takes place through the separate preparation of sample 
logs in separate offices. 

Bob Creiiier, "LitholDi^ic I.ojfging,” Subsurface Geologic Methods (Colo. .School 
ijf Mines, 1.049), pp. 297-302. 

Gordon Rillenhoiise, "Tcxiural Standard for Sample Log Work," Hull. Am. 
Assoc. Petrol. GeoL, Vol. 29 (Au|*;usL, 191.5), p. 11.9.5. 

82 John H. Speer, "Color Reproduction of Well Logs," World Oil, Vol. 12R 
(March, 1919), pp. 68 et seq. 
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Mounted Logs. A variation in plotting sample logs is to mount 
the samples themselves on log strips at a scale of 20 feet to the inch. 
First glue is spread over that part of the strip which represents the 
interval of the sample, and then the cuttings are sprinkled over the 
glue until the surface is covered. Breaks in the lithology are just 
as obvious on the mounted as on the plotted logs, and color variations 
are rmieh more noticeable. Furthermore, the original material rather 
than an interpretation of the original material is used in slipping the 
logs for correlation and in tracing facies. Because of the labor of 
preparation, and their bulk, mounted logs are not widely used. 

Time Logs.*'*^ Drilling-time logs, or rate-of-penetration logs, consist 
of a curve jjlotted on a time-depth basis. The slope of the curve 
designates the speed of penetration; any abrupt breaks show contacts 
between rocks of iineijual penetrability. The major factor in control¬ 
ling the speed of drilling is the hardness of the rock being drilled, 
and the hardness is dependent upon the mineral content, the kind 
of cement and the degree of cementation, the texture, and the porosity. 
It is obvious that penetration speed is also a function of various equip- 
ment and operational (actors, such as design and sharpness o( bit, 
the pressure on the bit, the diaracteristics and velocity of the drilling 
mud, the rotation speed of the bit, and the skill of the driller. In 
spite of tht^se variables the drilling-time log is r)rdinarily a reliable 
index to the nature of the formations penetrated. 

Time logging is done either on the derrick floor l)y the driller, who 
manually records the time wlien each chalk mark, placed at I-foot 
intervals on the kelly, reaches the level of the table bushings, or by 
semi-aiiLomatic or completely automatic devices mounted on the der¬ 
rick or in the doghouse. 

Time logs can be used in correcting the lag in sample return, and 
in correlating from well to well. They are especially valuable during 
the drilling of a well because of their immediate availability. The 
passing of a formation contact may be recogni/ed by the time log 
before the circulation of the drilling mud brings the samples to the 

na I*. It. Nu-'IidIs, “Mt'clKiiiiial Well liiill. niirl iU. Cofl. Texas, 1)3 (HMO), 

pp. I0r>-1IH (ITi r^rLMriuts); (i. f iTilLMick Slii'phcril aiul (ionldii I. Ahviilcr, “Cicoln^ir 
l^sc of Drilling "I iiiu- Daia," Oil IVeehly, Vol. Il l (July 3, IRM), pp. 17 el seq.: ihiil. 
.(July 10, HI 11). pp. 3S ei seq.; l.cslrr "Ri'cciil Dl*\ elojjiiicnis in I'Urnialiun 

l.ngging,’' Petrol. Eo^iorer, \'nl. 11 (February, HM3), pp. 03 el seq. (bibliography 
^rilli It) iTferciircs on p. 70); Robin Willis ainl R. .S. It:ilhiiitvne, Jr., “Drilling 'I'inic: 
I.ngs and I'hcir I'scs," l\\iU. Jin. Jssor. Pefrol. Oro/., Vol. 2(5 (Jniy, 1942), pp. 12711- 
1283: Ci. Frcilcrirk Slicjiliprcl, "Drilling-'l'iinc Logging,” Cir'o/og/r Afrl/iof/s 

(C’olo. Srhool of Mine.t;. 1949), pp. 387—104; P. B. Nir.hols, ‘‘Drilling-'l’iine Logging,” 
op. ri/., pp. 401-112. 
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surface. Coring points may be selected, and the time log may be 
used to interpret gaps in the core record due to incomplete recovery. 
This type of log has been of value in locating porous and permeable 
intervals during the drilling of thick carbonate rock sections. In 
rotary-drilled holes, the time or rate-of-penetration log is a valuable 
predecessor of the electric log, which ordinarily is not obtained until 
the well is completed. 

Electric Logs/'^ Electric logs supply indirect but nevertheless effec¬ 
tive indices for subsurface stratigraphic correlation, for the determina¬ 
tion of strike and dip, and for the identification of faults. They also 
furnish data useful in forming a tentative opinion of the permeability 
and fluid content of the rocks traversed. Since the advent of electric 
logging in the late 192()’s, this method has become virtually indispen¬ 
sable; it is now routine procedure to make electric logs of rotary- 
drilled wells. Electric logging is not possible in a cased well; this 
rules out most wells drilled with cable tools. An uncased cable tool 
well can be logged for self-potential by fdliug the hole with fresh 
water, and the resistivity log (described in subsef]uent paragraphs) can 
be obtained in a dry uncased cable tool well. Conventional electric logs 
are valueless even in rotary wells once the bit has cut into rock salt, for 
from then on the drilling mud is contaminaLed with salt and so it has 
very low electrical resistance. For this reason, in the salt-bearing 
sedimentary basins conventional electric logging is confined to the 
super-salt strata unless the salt-bearing strata are cased off, in which 
event reliable electric logs can be obtained in the underlying section. 

A great advantage of electric logging lies in the continuity and 
accuracy of the depth measureincnts. Other methods give a depth 
correction figure but no indication as to where it should be applied. 
Electric logging is a rapid procedure, and its cost is insignificant in 
terms of the total cost of drilling a well. Furthermore, the electric 
log, unlike the sample log, is a purely mechanical record, uninfluenced 
by personal factors. 

F,. Dennlvcr :nifl 11:ii(j]l1 Vaiire, “Bihlingraphy on tlic Petroleum Intlustry,” 
Bull. A. and M. Coll. Texas, 83 fl944), pp. 403—404 (52 references); Houston Geolnf^i- 
ral Sniiely .Siinly Ciiuiip, “Klcctiical Well l.oy;ging,” Bull. Am. Assoc. Petrol. Geol., 
Vnl. 23 (Sepicnilier, 1939), pp. 1287-1313; Hiiheri CUiynrl, “Electrical Well Logging, 
a reprint of a serie.s of 10 ai licle.s wliicli appeared in various issues of tlie Oil Weekly 
helixeeii Aug. 7 and Dec. I. 1944,’' 10.3 pp.; Hubert Guvod. “Electric I.og Interpreia- 
lion, a reprint of a scries of 4 articles tvliiih appeared in llic Oil Weekly dated 
Dec. 3, 10, 17, and 21, 1.945,’’ 27 pp.; Sylvain J. Pirson, “Electric Logging” (4 article.s). 
Oi7 and Gas Jour., Oct. 4 to Oct. 25, 1D47: E. F. Stratton and R. D. Ford, “Electric 
Logging,” Subsurface Geologic Methods (Colo. School of Mines, 1949), pp. 302-339. 
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Electric logs are most reliable indices of the lithology of a strati¬ 
graphic section that consists of alternating layers of sandstone and 
shale. In areas where the subsurface geology is of this type, electric 
logs have largely supplemented sample logs and cores. However, the 
initial determination of the geologic formations in the subsurface 
section must have been made from samples; the electric log is merely 
a reaction pattern and can never supplant rock samples in identifying 
formations in the exploration of new subsurface territory. Where 
the geologic section consists of carbonate rocks and perhaps anhydrite, 
as well as shale and sandstone, the lithologic identifications by means 
of electric logs are more difficult and a closer contri)! with sample 
logs is necessary. LSections of this sort are especially subject to lateral 
varialion in facies, which is further reason for freipient check of 

electric log against sample log. The electric log is still a valuable 

tool in formation correlaiion, even under these conditions, but its 
applicability is more local in extent. 

An electric log (Fig. IR) is in reality two logs, one (on the left) 
depicting the so-called self-potential and the other showing resistivity. 
To log a well ihe drill stein and drilling tools are removed from the 
hole but the drilling mud is left in. The recording is done in a 
truck backed up close to the drilling ])latform. First a stationary 
electrode is |;laced at the surface, usually in the mud pit. Then a 

traveling electrode assembly at the end of a wdre line spooled on a 

reel in the logging truck is lowered to the bottom of the hole. As this 
electrode assembly is raised by a power take-off in the truck, eleciric:al 
currents are intermittently passed through the electrodes, and the 
electrical meter readings are automatically plotted against depths on 
the recoriliiig drum. The self-potential readings are made while the 
current is off; resistivity is entered while the current is on. 

The self-potential is a measurement of the natural potential between 
the surface electrode and one of the electrodes in the well. It is 
measured in millivolts, 1 millivolt being 0.001 volt. The datum of 
reference, or zero point on the millivolt scale, is the average potential 
of shales. Readings to the right of this arbitrary datum are referred 
to as positive anomalies; those to the left, as negative anomalies. 

The resistivity curve or curves, appearing on the right side of the 
electric log, is the result of measurements made of the differences in 
potential between two electrodes when an outside electric current is 
sent into the ground by means of a separate pair of electrodes. The 
unit of measurement is the ohm. Electrical resistivity is that property 
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which tends to impede the flow of electricity through a substance. 
For rocks in a bore hole, the resistivity measurement obtained is the 
resultant of two resistivities, that of the rock itself and that of the 
contained fluid. The readings are also modified by the presence of 
the drilling mud, and in permeable strata the invasion of the wall 
rock by the mud creates an additional complication. The distance 
outward from the bore hole which is traversed by the electric currents 
is directly proportional to the vertical distance betw^een electrodes. 
The "normal curve" is made by a relatively close spacing so as to 
record resistivities of thin rock strata, but, in order to measure re¬ 
sistivities out beyond the zone of mud invasion, successively wider 
electrode spacings may be obtained by different current hook-ups in 
the eleclrode assembly. These readings are recorded as additional 
curves superimposed on the resistivity diagram. Where resistivity 
lines run off tlte sheet to the right, because the quantities exceed 
100 ohms, the missing data are inserted, at one-tenth the original 
scale, on the left side of the resistivity diagram with diagonal lines 
on the inside of the normal curve for purposes of recognition. 

In resistivity logging, the mud fluid standing in the hole acts as 
a conductor between the electrodes and the wall rock. However, oil- 
base mud is not a conductor, so the conventional procedure cannot 
be followed where this type of mud is used. "Scratcher" eleclrodes, 
which are held by springs against the side of the hole, may be employed 
under sudi circiimslances, but they are not always satisfactory because 
of poor contacts with some types of wall rock. To meet this inade¬ 
quacy in resistivity recording, induciwn logging has been developed. 
The housing lowered into the bore hole contains a transmitter coil 
and a receiver coil. Alternating current is made to flow through the 
transmitter coil; this results in eddy currents which penetrate the 
formations surrounding the well. The eddy currents in turn create 
a secondary magnetic field that induces an electromotive force in 
the receiver coil. The strength of the signal received in the recording 
instruments at the surface is directly proportional to the conductivity 
(the inverse of the resistivity) of the bore-hole wall rock. The record 
is a continuous one from bottom to top of the hole and is very similar 
to, and applicable in the same manner as, the conventional resistivity 
log. 

H. G. Doll, "IntiDdiJclinn to Iiiduclion Lo|'|;iiig,'' Oil and Gas Jour., Vol. 47 
(Feb. 24, 1949), pp. 16H-171; H. G. iJolI, “InduLiion Logf^ing and Application to 
Lo^giiif; of Wells Drilled with Oil-Hasc Mud," Subsurface Geologic Methods (Colo. 
.School of Mines, 1949), pp. 340-345. 
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The center column between the self-potential and resistivity dia¬ 
grams coniain.s the depth fi/^ires. Often two scales are employed; 
the lower settion, where the potential reservoir rocks lie, may be 
shown at 20 feet to the inih, and the upper section at oO feet to the 
inch. Lithologic and e\’cn stratigraphic idenLificalions may subse- 
c|uenlly be inserted in this crilumn. 

ll is possible to use electric logs as a subsurface correlation tool 
with little or no concej)l ()f the meaning of the erratic pattern of the 
curves. Electric logs can hv “slipped” alongside of each other in the 
same way as plotted or mrtunied h)gs, and correlations can be made 
Irom will to well by the magnitude and s|)acing of the “kicks” on 
the curves. If the formations have been identiried on one electric 
log, based on sample studies, it may be j)ossible to carry these lorina- 
tions, wa’th their separate behavior patterns, for considerable distances 
laterally by eleciric logs alone. How^ever, many pitfalls can be avoided 
if the user know\s something about the possil)le reasons for the “kicks” 
on the lurves, and much valuable knowledge of permeabilities and 
Iluid conditions is available to those who can interjnet electric logs. 

Divergenies from the norm in the self-potential ctirve (Fig. If)) 
occur only where the w^ell passes through a stratum w'ith a certain 
degree of porosity and jiermeabilily. HowT\’cr, the porosity deter- 
niinations can be considered only i|ua1itative and not a measurement 
of absolute porosity. Negative anomalies oictir tvhere the sandstones 
or carbonate reser\oirs contain waiter (with or without oil) that is 
more saline than the w'ater in the drilling mud. As this is the gimeral 
rule, negative anomalies are much more common than positive 
anomalies. 'I he magniiude of the negatixe self-potential is the re¬ 
sultant of both the jjorosity and the concentration of the brine; it is 
for this riMson that the millivolt readings cannot be taken as quanti¬ 
tative indications of jjorosily. In addition to fresh-w’ater aquifers, 
])ositive anomalies occur where a pyritiferous layer has been pene¬ 
trated by the bore hole. 

As a general but not invariable rule the harder a rock is to drill, 
the greater is its electrical resistivity. Therefore, the resistivity curve 
tends to parallel the plotted drilling-time log (Fig. lf)R). As saline 
whalers are good conductors, where they are present within a rock 
the curve will show low resistivity. On the other hand, fresh w^ater, 
sulfur w^ater, oil, and gas are poor conductors, and so they jjroduce 
high resistivities (Fig. IflA). Dry, dense rocks are always highly 
resistant. 
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Interpretation of resistivity curves is most profitable when the 
porosity, or more especially the permeability, as indicated by the 
self-potential curve, is also taken into account. I'he table gives some 
possible interpretations. 

Low Resistivity Resistivity 

Permeable Salt water in roek Fresh water (usually' 

at shallow depths only) 

Sulfur water 
Oil and gas 

Impermeable Shales and clays limestone and dolomite 

containing absorbed Anhydrite and salt 

saline water Coal 

Figure inU, right, shows two limestrines, both with high resistivity 
and one with jjorosiiy as well. For the .secfJiul, either sullur w^ater f)r 
oil and gas is iiulitaled. 

Extensive and continuous research is being carried on both by 
service ( Oinpanies and by o])eraLors to im|)rove electric logging methods 
and to make the curves more i|uantitative. A recent development is 
“niicrologging.” IW means of electrode s])acings of 1 to 2 inches, 
the individual pay sections can be measured downi to fractions of a 
foot. Fhe electrodes are mounted in an insulating jjad which is 
jiressed against the wall of the drill hole. The short-circuiting action 
of the drilling nuid is thereby avoided, so that electrical mirrologging 
can be carried on in brine. This permits electric lugging below salt¬ 
bearing formations without the necessity of casing. 

Radioactivity Logs.*’^ Radioactivity logging may actually jjroduce 
two logs (Fig. 20), one a measure of the natural emanations of gamma 

Kriinulh TI. IkiiTius, “New Logging Mcliniil,” Oil niirl (was Jour., Vol. ■IK flier. 
2.n. 1911)), p. .Vi; 11. G. Dull, “The Micrulug.” Oil niid (ins Jonr., Vul. IH (Marrh 2, 
IMfiO, pp. 02 cl scfj.; “The Mirrnlo«, a New Elcrirical Lugging Melhucl for Detailed 
Delei'iiiiiialion of Permcahic llrils." Am. hist. Min. Mcl. Lng^iaecrs, T.P. 2KK0; jour. 
Rctrol. Tech., \'ul. 2 (Jnne, 19^(1), pp. L'ifi-101. 

VVarren |. jaiksoii and Julin L. P. C'aiiipbell, ■'Sume Prariical Aspects of Radio- 
arlivity Well Logging, ’ Am. Inst. Min. Met. Engineers Terh. Pnh. 1923 fSepItMiilicr, 
191.5), 27 pp. f30 IeleiL'iites); Kuheri L. Fearon, “(■ainiiia Ra\ MeasinciniMiCs,'' Oi7 
Weekly, Vol. IIK ()une 1, 191.5), i)|). .3.3-41 ffiti rdereines): “Neiilioii Iluiiihaidiiienl 
of Formations,'' ibid. f|inie 11. 1915), pjj. .38 el .seif.; John L, P. (/.iinphell, “Cranima 
Ray Logging in Kasi Texas," Petrol. Engineer, Vol. 15 f|aniiary. 1911), pp. 1.56~L5H: 
(.ester G. Urcii, “Radioaciiviiy and (irtiiliL'iiiiral Well Lugging.’’ Petrol. Engineer, 
Vol. 14 (fanuaiy, 1943). pp. .5(L.5K; W. L. Russell and R. IL Downing, "Neiiiroii Logs 
I'ind Porous Zone.s in Wc.stern Ran.sas Lime.sinne.s,'' Oil nnd (ias Jour., Vol. 41 
fAug. 6, 1942), p. 06; Ilrinio Punlerorvo, “Neutron Well Logging," Oil nnd (ias Jour., 
Vol. 40 (Sept. 11, 1941), pp. 32-33; William L. Ru.s.sell, “Well I.ngging hy Radioactiv¬ 
ity," Bull. .4rn. Assor. Petrol, deal., Vol. 2.5 (.Septemher, 1941), pp. I7G8-17H8; John 
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j Shallow penetration resistivity 
^ Deep penetration resistivity 

T-n.. 20. R:i(li(Kitl i\il V In}?, rciiii]j;irccl with electrical low. Left: gainma ra\ anil nciiiniii logs. Center: 

lilliologic log. Riglu: electrical log. 
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rays from the rock formations penetrated by the well and the other 
a measure of the effect of bombardment of the wall rocks by neutrons 
from an introduced source. Gamma-ray logging began in 1940 and 
neutron logging about a year later. A major advantage of radio¬ 
activity logs is that they may be obtained through several strings of 
rasing and even through cement. Like electric logs, radioactivity logs 
are better considered an auxiliary to sample logs than an end in 
themselves: the curves obtained arc subject to various interpretations, 
and sample logs are necessary to the correct solution. 

The theory of the gamma-ray curve is simple. All rocks contain 
radioactive material, but the amount is highly variable. The radio¬ 
active substances are undergoing constant disintegration, in the course 
of wliirh rays are emitted; the most penetrating of these rays arc the 
gamma rays. As a general rule, shales contain more radioactive 
material than sandstones and limestones, and so this rock j^roduces 
a prominent “kick” in the gamma-ray curve. To this extent, gamma- 
ray logging is also lithologic logging. 

The neutron curve, produced by an artificially induced neutron 
bombardment of the wall rocks, is an inverse measurement of the 
amount of hydrogen present. Because most hydrogen in rock is in 
either interstitial water or oil, the neutrrm curve indicates (by sub¬ 
normal readings) the presence of Iluids and hence is a porosity log. 
It is not possible to distinguish oil from water in the neutron log. 
However, this rur\e does complement the gamma-ray log in that 
it makes possible the distinction between sandstone and dense lime¬ 
stone. Ihe accuracy of the identifications is increased further by 
using the radioactive logs in conjunction with electric logs. 

Gamma-ray logs are made by dropping down the brrre hole a steel 
cylinder containing an ioni/ation chamber filled with inert gas plus 
a pair of elcctrtrdes. 1 lie cylinder is suspended from a wire spooled 
on a reel in the recording truck. Gamma rays from the wall rock 
penetrate the ioni/ation chamber and make possible the flow of 
currents between electrodes. By means of a series of amplifiers, these 
currents are recorded, with the depth, as a curve on a revolving drum 
in the service truck. In addition to an ioni/ation chamber, neutron 
logging uses a properly shielded but strong source of neutrons which 
bombard the wall rocks, and the effects of the bombardment are 
measured in the ionization chamber and transmitted to the recording 

L. P. Campbell and A. B. Winter. Bull. A. and M. Coll. Texas, 93 (1946), pp. 119-120; 
"Radioaclivity Well Logging,” 36 pp.; V. J. Mcrder, “RadiDactivity Well Logging,” 
Subsurface (ieologic Me/Aior/j (Colo. School of Mines. 1949), pp. 345-359. 
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truck. It has not been possible heretofore to log the gamma rays 
and the neutrons at the same time; two trips were necessary to obtain 
a complete radioactivity log, but it is claimed that a new instrument 
will make simultaneous gamma and neutron readings.’''^ 

Radioactivity logs have demonstrated considerable usefulness. After 
a well has been drilled, the gainma-ray curve can be used to correct 
the time lag in the sample return, and the neutron curve has wide 
and valuable a])plicaiion in cased wells in determining where to 
])erforate in order to test porous zones in the wall rock. Old wells, 
drilled before the days of accurate logging, are especially fertile fields 
for radioactivity logging. Porous zones in thick carbonate rock sec¬ 
tions may have been missed completely, or the well may be cased 
too dc*t|) ill the reservoir rock so that botiom water is produced in 
profusion wilh good oil lying outside the casing at a higher elevation; 
hoth these possibilities can he explored by radioactivity logging. 

In addition to assisting the production engineer, radioactivity logs, 
ispecially gamma-ray logs, can be and are used by geologists in sub- 
siirface structure map])ing. Some formations produce a highly dis¬ 
tinctive gamma-ray-curve pattern which remains fairly constant over 
great distances. A notable example of this is the C^hattanooga shale, 
which is easily reiogni/ed by the distinctive gamma-ray “kicks” from 
the Appalachians to West 'Texas, ami from C^anada to Oklahoma. 

Caliper Log.s.'"' The bore hole caliper is an ingenious device to 
determine the variations in well diameter from bottom to top. Because 
of dillereiiies in brittleness, tolie.sioii, and solubility betwetm different 
rock layers, the bore hole does not have smooth vertical walls. Some 
loj'inations are especially likely to “cave,” or to erode by the jetting 
action ol tlu‘ mud fluid emerging froin the bit, or to wear by the 
subsi'(|ueiu circulation of the drilling mud. Other rocks, especially 
salt, are soluble to the water in the ciiTulaling fluid, unless jireviously 
saturated, so lateral leaching may take |)lai:e. It is obvious that 
considerable coulrol on variations in borehole diameter can be 
exercised liy drilling procedures, but the c:onlrol is mainly in the 

Cliark-s |. Urt*j;an, “Nimv Mcltiod," Oil and Has Jtmr., Vnl. 4R (March 

2, 11)50). p. 23. 

»»Hiilicii (iiiyiiil, “CalipLM- Well Logging," 0/7 ]Vt‘rkJ\, Vnl. IIH (Avig. 27, 1345). 
pp. 32-.i5; \’nl. 113 (Scpi. 3. 131.5), pp. 57-(il: ihiri. (Sepi. 10, 1315). pp. 05-63: ibid. 
(Scpl. 17, 1315), p|). 52-51: Cl. I*. Parsnns. "Caliper l.oggiiig,'' Trans. .4/m. Inst. Min. 
Mvi. T.n^i}irvYs. \'(»1. 151 (1313). pp. 3.5—17: William H. FaiTanil, "Caliper Well 
Logging," Frtrof. Tiii^inrrr, Vnl. 15 (Novcnihcr, 1313), pp. 65-63: Wilfred Tapper, 
"Caliper and 'l emperainie Logging," Snbsurfncv Oeologic Methods (Colo. Sihool 
of Mine.s, 1313). iJp. 353-363. 
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ina^^nitude rather than in the presence of the variations. As a general 
rule, bore hfiles, where they pass through massive limestrmcs and 
indurated sandstones, are but slightly greater in diameter than the 
diameter of the bit, but in soft, unconsolidated, or poorly cemented 
rock, such as shale, the diameter may be considerably greater. 

'i1ie calipers (Fig. 21) consists of four collapsible arms mounted 90° 
ajjart on a steel shank. Fhe tool is lowered to the bottom of the 
hole, where the arms are released. It is then raised to the surface 
at a rate of about 100 feet per minute. During the trip, individual 
springs keep each arm pressed against the sides of the hole, and the 
deviations trom the bit diameter are automatically and continuously 
jdoited with the depths by an electrically operated rccf)rder mounted 
in the service truck. 

(^alijjLT logging was first conceived and developed for the purpose 
of assisting in solving certain engineering problems such as the amount 
of cement needed to plug a hole, or the amount of material needed 
U) gravel-pack a well. It is also used in surveying the eflecLs of shoot¬ 
ing and acidizing. I'hc cali[)er log is a help in sample examination, 
giving clues as to both the amount and the source of ca^'ings in the 
samples. In addition, the peaks and valleys on the caliper profde 
of a well represent a stratigraphic siicfiession, so the caliper log can 
he used in well-tf)-well correlation. It is still essential to have sample 
logs available for calibrating the caliper logs, however. 

Miscellaneous Logs. Various other tyj>es of logging procedures have 
been developial, but none have widespread use, al least as yet. Perhajw 
the best known of the miscellaneous methods is mud analysis /oggmg.""* 
Its purj3ose is to detect the presence of oil and gas in the fornialions 
as they are penetrated by the rotary drill. A “gas detector insirument” 
determines the presume of methane in the drilling mud. Oil is 
detected by visual examination of samples of the drilling mud placed 
in an ultraviolet-light viewing box. Accurate estimates of the depth 
of the point of origin of any hydrocarbems in the drilling mud are 
made possible by the concurrent use of automatic rate of penetration 
ecpiipment. 

n. Olin Pixlcr, ‘‘Mini Analysis I,of;j;iii«." Hiiil. ./. anti M. Coll. T(‘X(is, 93 (J9'16), 
|)|). 1 l-UK (9 II’lcii'iiir.s): RoIumi F.. Suuilitrr, “Appliniiinn of \tii(l .Analvsis 
{'•t'olihysirs, \ i)l. 10 (Jaiuiaiy, 19 I."0. p|». 7(i-90; |. 'F. Havn aril. "Coniiiiiious Ln;[rjrini» 
III Riiiary Drilk'il Wflls." 0/7 (imi Gas Jour., Vnl. 39 (Nnv. I t, 1910), jip. 100-110; 
Ai'lluir Laii;;lnn, “Well l.ug^in^ hy Drilliiin; Mini ainl C'.uuiiiirs Analysis." Sjihsurfticp 
(wfolofric Mt’tliotis ((’oln. Srlninl of \fiiics, 1919), pp. 3G9-37H; R. J. C»ill, "Cuniptisile- 
(Uillilies-Anaivsis Lnn^iiiR." op. ri7.. pp. I2.'»—132. 
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Fluorologs and geochtinival logs arc procedures for ideiiLifyin|’ 
chemical substances, particularly hydrocarbons, in the well samples 
and plotting these determinations in terms of well depth. In this 
way it may be possible to forecast the penetration of a pay zone by 
the presence of fugitive hydrocarbons in the overlying rocks. Spectro- 
rhemical logs have also been suggested. These would show the 
relative abundance of certain diagnostic elements such as iron, alumi¬ 
num, and strontium in selected samples taken from the wtII core 
and analyzed chemically by the spectrograph. One advantage of this 
method would be that similar logs could be prepared, for correlation 
purposes, with outcrop sections. 

A newer development has been permeability In this 

procedure, the rate of penetration of a liquid such as water or acid 
forced into the wall rock of a well by the weight of an overlying column 
of oil is determined and recorded by electrical means. The oldest 
physical test to be made in bore holes, namely, temperature deter¬ 
mination, is still in use, but so far the principal application of 
lemperature logging^^'' has been to deteriiiine the position in back 
of casing of recently poured cement. Experimentation has been 
conducted on sound wave /ogging.*®®® 

SUBSURFACE MAPS AND SECTIONS.’The logs and rock 
samples obtained during the drilling of individual wells may be of 
considerable value when considered alone,’but when compiled with 

101 Orton E. Ciinipbel], “Priiiiipal Uses of FliiDrologs," Oil Werhly, Vol. 121 (Der. 
.'lO, 1946), pp. 11--12, 11-45: loin I.. I'urncr, "Use ol Eliiorcsrenl SiirfaLe Siirvcys 
and .SiihsiirlaiL* Lo|fs in Find Oil,” Oi7 Weekly, Vnl. Ill (Nov. 29, 1943), pp. 22-26; 
Jark DcMeiit, “Fliioranalysis in Petrolciiin Exploration." Subsurface (Mfologic 
Methods (Colo. .Srliool of Mines, 1949), pp. 413—122. 

iniiLeo Horvilz, "Ceorlieinical Well Lo^^'iiiR," Hull. A. and M. (loll. Texas, 93 
(1946), pp. 29-31; Geochetuical Well Lofrfring (Ocnphysical Service, Tnc., Dallas, 
Texas, 1.911), 24 pp. 

L. 1.. Slnss and S. R. B. Cooke, "Sperirorheitiiral Sample Lo^^in^ of Lime¬ 
stones," Bull. Am. Assoc. Telrol. GeoL, Vol. 30 (November, 1.946), pp. 1HH8-IH9H: 
‘‘Spcctrocheiiiical Safn|)le Lo||rging," Sub.surfare Geologic Methods (Colo. School of 
Mines, 194.9), pp. 37B-3B7. 

104 L. B. Swan, “Electric Pilot Applications," Bull. .4. ffiiri M. Coll. Texas, 93 
(1916), pp. 146-165. 

lori Hubert Giiyod, “Temperature Logginfj," idem, pp. 132-141. 

10.’)a Charles J. Decgan, “New Well-Lopging Device Beiiifr Tried by Humble 
Engineers," Oil and Gas Jour., Vol. 47 (July 15, 1948), p. 62. 

106 F. H. Lahee, "Maps," Science of Petroleum (Oxford IJniv. Pre.ss, 1938), Vol. 1, 
pp. 276-283; L. W. LcRoy, “Subsurface Graphic Representations,” Subsurface 
Geologic Methods (Colo. School of Mines, 1949), pp. 595-626; Julian Low, Subsurface 
Maps and Illustrations, pp. 627-681. 

107 Paul Weaver, “The Geologic Interpretation of Exploratory Wells,” Bull. Am. 
Assoc. Petrol. GeoL, Vol. 33 (July, 1949), pp. 1135-1144. 
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similar information obtained from other wells the resulting maps and 
cross sections are of inestimable value in oil-tinding. It is the task 
of the subsurface geologist to assemble the individual well records 
into geologic illustrations which will guide the administrative officers 
of the company in developing their exploration program. Descriptions 
of the various types of subsurface compilation follow. 

Geologic Maps. In many areas, owing to thick veneers of glacial 
drift or other types of mantle, the geologic formations of the bed-rock 
surface can be mapped only by means of well data. This is probably 
the earliest application of subsurface geology. Water wells, salt wells, 
and oil wells furnished the information that was needed in compiling 
the geologic map of the southern peninsula of Michigan, where there 
are entire blocks of counties without a single outcrop. 

The utilization of areal geologic maps in the search for oil was 
discussed in an earlier section. Such structural features as domes, 
anticlines, and noses may be discernible on the geologic map by the 
presence of inliers and other significant outcrop patterns. Faults 
may be of utmost importance in oil-finding. 

Paleogeologic Maps.^"^ A paleogeologic map is a map showing the 
areal geology at a given period in the past. It is, in effect, the result 
that would be obtained by peeling off the layers of younger rock above 
an unconformity.Paleogeologic maps are constructed by plotting 
on a map the formations shown by well data to underlie the plane of 
the unconformity and then sketching in the formation boundaries 
after all the well data are plotted. 

I he paleogeologic map is of immeasurable value to the petroleum 
geologist. It reveals not only many structural features masked by the 
unconformity but also much information of the geologic past that is 
pertinent to the search for sedimentary or stratigraphic traps. "Oil 
and gas are found as high in their containing reservoir as it is possible 
for them to move. If true of the present, it must have been true in 
the past and a study of the changing areal and structural geology dur¬ 
ing geologic time becomes of prime iniportance.^^'^ 

One of the earliest uses of the paleogeologic map was in the 
Mid-Continent, where a map of the pre-Mississippian formations of 

A. 1. l.cvorseii. ‘‘.Application of Palcopcolopy to Petroltfum CieoloRy,” Srieure 
of Petroleum (Oxford Univ. Press, 1R3H), Vol. 1, pp. 300-303. 

lui'AV. C. Kruiiibcin, "Crilcria for SubsurfaLc Recognition of IJnconformities," 
Hull. Am. Assoc. Petrol. Geol.. Vol. 26 (January. 1912), pp. 36-62. 

lAO .A. I. Levorsen, ".Sliitlics in Paleogcologv," Bull. Am. Assoc. Petrol. Geol., 
Vol. 17 (September, 1933), pp. 1107-1132. 
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Oklahoma and Kansas (Fig. 22) has been widely used in guiding 
exploraiion. 



Paleogeographic Maps.^^^ xhe paleogeographic map purports to 
show the submergent and emergent areas at a given time in the 

111 Hugh W. McClellan, ".Subsurface Dislribution of I'rc Mississippian Rock.s of 
Kansas and Oklahoma," Bull. Am. Assoc. Petrol. Geol., \'nl. I I (December, 1930), 
pp. 1535-1566. 

112 John Emery Adams, "Paleogeography and Petroleum Exploration," Jour. Sed. 
Petrol., Vol. 13 (December, 1943), pp. 108-111. 
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geologic past. Most often the shorelines shown are pure guesswork, 
rhe data available hir the construction of a paleogeographic map for 
a period of past time are confined to the erosional remnants ol the 
sediments deposited during that time. These residua can be areally 
mapped in both the surface outcrop and in the subsurface, but 
almost always the boundaries are the result of erosion, and the original 
shoreline was an entirely unknown distance nut beyond the present 
boundaries. 

T rue paleogeographic maps can be constructed only where the 
actual strandlines have been submerged and covered wilh younger 
sediments before erosion has destroyed all evidence of the former 
land-water contact. 'Hiis ideal situation is rare. However, better 
paleogeographic maps than those extant today could be made by more 
thorough studies of the paleoecology of the sediments and contained 
faunas; this would at least result in a more intelligent guess as to the 
distance from outermost remaining sedimentary deposit to original 
land area. 

Structure Contour Maps. Obviously a structure contour map based 
on the reservoir rock (Fig. 7) is much more jjertinent in a study of oil 
aicumulation than one based on an outcro])ping formation. Usually 
the subsurface structure map shows more relief and greater closure ” ’ 
than the surface stun ture map. The position of the structural sum¬ 
mit may shifi laterally wdlh depth owing to convergence or uncon¬ 
formity. I hc oil and w'ater in a reservoir are, of course, in adjustment 
with the structure of that reservoir and not w^ith the structure of over- 
lying formations. 

Subsurface structure contour maps are prepared by first plotting and 
then contouring the elevations of a buried datum surface (usually a 
formation top). 1 hese elevations may be obtained, with the help oi 
surface elevations, from core-drill information, logs of all types and 
other well records, samj)le studies, and geophysical (especially seismic) 
surveys. Contour majjs may be made for any traceable datum; many 
oil fields have been discovered by subsurface structure maps contoured 
on a near-surface formation penetrated by water wells, core tests, and 
shalhnv exploratory wells. 

Isopachous Maps.^^^ An isopach is a line drawn through points 
of equal thickness. The subsurface geologist determines the thickness 

The amminl nf dnsiire is Lhe vertical distance between the lowest possible 
closed structure contour line and the highest point on the structural feature. 

H-* Jav B. Wharton, fr., “Isopachous Maps of Sand Reservoirs,” Bull. Am. Assoc, 
retro}. GpoI.. VoI. 32 (July. INS), pp. 1331-1339. 



After Cohee (1947) 

Fig. 23. Isopachous map, Traverse (Devniiian) I'roiip, Michigan. Thickness de¬ 
creases southward toward axes or Kankakee and Findlay ardies and northward 
toward pre-Cariihrian shield. Ruled areas show where Traverse rocks have been 
eroded. Vniled Slates Geolof^iral Survey. 
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of a rock unit and enters these data on a map. Isopach lines can 
then be drawn in the same manner as contours. 

Isopachous maps (Fig. 23) are very commonly employed in the 
search for oil. They point the direction of possible lateral “pinch- 
outs,” and they may reveal structural features hitherto masked by 
unconformities. For example, a local reduction in thickness on an 
isr)pachous map is quite possibly an anticline or dome which was 
formed and truncated before the rock that overlies the zone covered 
by the isopachous map was deposited.^^"' Isopachs are also of great 
value in the discovery and delineation of concealed faults. 

By means of a surface structure map and an isopachous map, the 
striictuie of the underlying rock can be determined. If the isopachous 
map shows a thinning or convergence of considerable magnitude, 
the structure (and especially the position of the anticlinal axes) of the 
older rocks will be quite different from that shown by the rocks over¬ 
lying the converging unit. An isopachous map used for the purpose 
of determining the deeper structure is termed a convergence map. The 
construction of the preconvergence structure contour map is relatively 
simple and is based on the calculation and plotting of the deeper 
rock elevations wdicre the higher structure contour lines intersect the 
isopach or convergence lines. 

]soj)arhous ma[)s are also useful in determining the volume of 
saturated sand lor the pur[Josc of calculating petroleum reserves. 

Paleostructure, Paleotectonic,^^' or Palinspastic Maps.'^'* Palin- 
spastic maps show the structural or tectonic history of a region (Fig. 
21). As will be seen later, under “Accumulation,” the dating of 
the earth movements is of utmost importance. Obviously a trap in 
w'hich oil has accumulated must have been formed before the present 
oil deposit was caught. 

l.L’c. "KcUiliuii uf ’rhickiicss of Mississipijian limestones in Ceniial 
anil Kasieni Kansas to Oil aiul Gas Deposits," Kans. Gfo/. Suniey Bull. 20 (1939). 

(2 |.p. 

11 u Roheii R. WliL'L'lur anil Robert M. Swesnik. "Stratigraphic C'niivergcnrc' 
Prohleins." M or/rf Oil. Vol. 130 (April. 1950), pp. 57-61; Rnhert M. Swesnik and 
Robert R. Wheeler, "Stratigraphic Gonvergeiicc Pioblems in Oil Finding," Bull. 
Am. Assor. Petrol. Oeol.. Vol. 31 (November, 1947), pp. 2021-2029; A. I. Levorsen, 
"Ciiiivergence Sliiilies in the Mid-Gontinenl Region." Bull. Am. Assoc. Petrol. 
Oeol.. Vol. 11 (July, 1927). pp. 657-6H2. 

A. J. F.ardley, "Paleolectonic and Palcogeologic Maps of Central and Western 
North Anierira," Bull. .-Im. ^-iwor. Petrol. Geo/., Vol. 33 (May, 1949), pp. G5.5-6H2. 

George Marshall Kay, "Paleogeographic and Palinspastic Maps," Bull. Am. 
.4.wor. Petrol. Ceol., \’ol. 29 (April, 1945), pp. 426-450. 
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The simplest type of paleostructure map is one constructed by elim¬ 
inating the regional dip."“ This shows the character of the folding 
before the regional tilting took place. If that tilting was quite recent, 
the oil may not yet have become completely adjusted to the new 



After Eardley 11948) 

Fin. 2-1. PalcDtectonic niap of Alaska, showing iL’^iunal strurtiirp during the Triassit: 
and Jurassic periods. Courtesy Jourtuil of 


structural environment, so a picture of the older structural situation 
may serve as a guide to oil. 

Facies Maps.^^“ Differences from place to place in the character of 
the physical sediment (lithofacies) or in the organic sediment (bio- 

no John Rich, “Graphical Method of Eliiniiialin|r Regional Dip” and “Fault- 
niock Nature of Kansas Struriures Suggested hy Elimination of Regional Dip," 
Hull. Am. Assoc. Petrol. Geol., Vol. 19 fOclober, 193.''i), pp. 153R-1 .'j'I.S: G. D. Hobson, 
“The Application of Tilt to a Fold,” Proc. Geol. Assoc., Vol. (Jan. 26, 194.5). 

pp. 216-221. 

12D W. C. Krumbein. “Sedimentary Maps and Oil Exploration,” N. Y. Acad. Sri. 
Trans., Ser. 2, Vol. 7 (May. 1945), pp. 159-166; W. C. Krumbein, "Lithofade.s Maps 
and Regional Sedinieiitary-Straligraphii: Analy.sis,” Hull. Am. Assoc. Petrol. Geol., 
Vol. 32 (October, 194B), pp. 1909-1923: E. C. Dapples, W. C. Krumbein, and 
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facies) can be shown by iTieans of facies maps (Fig. 25). Ihe usual 
proterlure is to convert the data into numbers, such as percentage fig¬ 
ures, and then construct contourlike (“isopleth”) maps by drawing 
lines through points of equal value. The initial data are obtained 



After Kruwbein tl94B\ 

I'lr;. 25. rillinr:irii!s mnp shnwin^ i'h:ir:ii:U'r dI Oanihii.in ilL|)nsils in northern 
Korkii's. f'nnr/r.vy Amerirnti Assorintimi of Petroleum Geolnfrists. 


from cores or cuttings from wells, or from outcrop samjdes, or from 
both. 

Krunibein has listed a considerable number of sedimentary rock 
characteristics that have been or can be used in the construction of 
facies maps. Examples of lithofacies maps include those showing 

L. L. Sloss, “'rcLlnnif C'nntriil ol' l.iiholo|;ic AssodHlioiis." Bull. Aw. Assoc. Petrol. 
Geol., Vnl. .82 (Otlol)cr, 19lrt), pp. 1921-1947; W. C. KriimbL'in. L. I.. Sloss, and 
I'.. (’. Dapples, “.Sciliiiiciilary Tertnnifs and Scdimcnlaiy Fnvironniciils.” Bull. Aw 
Assoc. Petrol. Geol., \’ol. 33 (Novciiihfr, 1949). pp. IH5J)-1H91. 

«-i ‘‘SccliniciiLarv Maps ami Oil Exploration." .V. Y. Acad. Sci. Trans., Scr. 2. 
Vnl. 7 (May. 1945). pp. 159-166. 
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variations in grain size, porosity, permeability, heavy-mineral content, 
sphericity of grains, magnesium content, insoluble residues, and de¬ 
gree of cementation. Maps which show lateral changes in sand or 
shale content are especially valuable. Variations in the character of 
contained fluids, such as the salt content of the connate water, and in 
the degree of saturation are readily shown by isopleth maps. 



I' li:. 20. Lojr miip. The plot led lii^ is drawn hc.side Lhe loralinn of the well on the 
map. riie ielaliniisliip lielwecn i:riiivci-|;;ence and DLlier lateral L'liaiiKUS and ^eo- 
»raphir pn.siiinn ran l)e seen at a glantc. Drawing hy Jnliri Jesse Hayes. 


Among types of biofacies maps are those showing variations in per¬ 
centage of a particular type of organism or in overall organic content. 

I’he importance of facies, and hence of paleogeography, to problems 
of the origin and accumulation of oil cannot be overemphasized. The 
environment and character of source material accumulation controlled 
the creation of oil, and many oil and gas traps have been formed by 
changes in facies of sediments. 

Cross Sections. By means of cross sections, the subsurface geologist 
can assemble in one drawing information which is spread over several 
maps. A single cross section can be used to show surface topography, 
overburden thickness, the stratigraphic column, facies changes, con- 
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vergence, unconformities, and the structure at various levels. The 
disadvantage of the cross section lies in its limitation to two dimen¬ 
sions; this handicap can be alleviated by constructing several cross 
sections which crisscross the area under study. 

Cross sectirms arc made by plotting the information obtained from 
wells and interpolating the formation boundaries and other data 



I'lr;. ^7. niock ili;i|'ruiii. Ansc la Biilte Salt Dnine, Luiiisiana. Courtesy Colorado 

Si haul of Mines. 


between wells. They can be plotted with sea level as a base, and then 
the topography can be shown as the structure is as of today, or a 
formation boundary can be taken as a base in order to emphasize 
convergence or facies changes. 

The usual American custom of exaggerating the vertical scale with 
respect to the hori/ontal scale of the cross section has been critici/ed, 
and with justification, by Suter.^-- A true dip of 5° becomes 46° if 
the vertical scale is exaggerated 12 times, which is by no means 

H. H. Sulci', "Kxagi'eiiiliuii uf Vcilical Scale of Geologic Scciions." Bull. Am. 
Assoc. Petrol. Geol., Vol. 31 (February, 1947), pp. 318-339. 
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unusual. The only excuse for the increased vertical scale is to show 
stratij^aphic detail which would be too compressed for visibility if 
true scale were used. 

Miscellaneous methods of geologic illustration include the log 
map (Fig. 26), the block diagram (Fig. 27), the structure diorama,^®^ 
and the peg model (Fig. 28), which has a wooden rod, on which the 
formations arc marked off in color, for each well. The block diagram 
was used most effectively by Bass *-■' to sht^w reservoir sand thickness; 
each well is the intersection of two sand "fences” running normal to 
each other (Fig. 69). 

r. H. Utiwcr, "Lor Map. New Type of Siihsiirrate Map,” Bull. Am. Ax.irjr. 
Petrol. Crol.. Vnl. .^1 fFebruary, 1947), pp. 340-349. 

1-4 FrccleriLk Squires, " I hc Slrucliirc Diorama (LawiciiLE Cluiinty, Illinois),” 
Oil (iJid (ifis Jour., Vnl. 43 (Aur. 19, 1944), pp. Rfi-93. 

i-r- N. \V. Bass, ■‘OriRiii of tlic ShoeslriiiR Sands of Greenwood and Biiller C^oiin- 
lies, Kansas,” State (ieol. Sun>ey of Kans. Bull. 23 (SeplcmliEr, 1936), p. 76. 
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EXPLOITATION 


The duties and interests of the petroleum geologist do not end with 
ihe lorating of the wildcat test well. Although from there on the 
work is performed mainly by drilling crews and petroleum engineers, 
the gef)logist continues to be concerned with the steps taken to obtain 
a commercial well and with the subsetjuent exploitation history of 
the oil or gas deposit. In sfime of this development the geologist is 
an active participant; at other times he may serve in a consulting 
capacity: and at the very least he is an interested spectator in the 
operations that follow discovery. For these reasons the geologist 
should be arquaiiUed w'ith post-exploration procedures. 

“DRILLING IN” AND COMPLETING A WELL. Either from 
the very start or at least after a wildcat well has been drilled to near 
the top f)f the jDossiblc “pay" zones, a geologist is delegated by the 
interested company to “sit on the well.” ^ It is his job to examine 
the samples as they are brought to the surface and thereby keep in 
touch with the stra progress downward. To implement his 

cuttings examinations, he may request that a core or cores be taken. 
He recommends casing points and warns the driller where the pay 
zones may be expected. His stratigraphic and lithologic identifica¬ 
tions are a basis for decisions regarding coring for permeability and 
saturation data, and testing for potential oil and gas yields. 

After a well has been drilled into the potential reservoir rock, as 
much as two-ihirds of the original drUling c^ be spent in testing 
the formation for production possibilities.- Specific items of testing 
include the porosity, the permeability, the thickness of productive 
parts of the reservoir, analyses of the hydrocarbons jjresent, and the 
volume of connate water. These basic reservoir data are obtained 
largely by the laboratory examination of cores cut from the reservoir 
rock. It is an increasingly common procedure to core the reservoir 

I C. A. Caswell, "Siuiiig on a Well,” World Oil, Vol. 130 (Feb. I, 1950), pp. 100 
et seq. 

^Anrinvinous: “Testing Costs Money," The Link, Vol. 12 (April, 1947), pp. 12-15. 
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frpm.tup iP builjom. The information thus obtained is invaluable 
in determining the capacity of the well to produce and in estimating 
the reserve situation. 

The actual testing of a well for initial production is a routine opera¬ 
tion. If the well flows, its production is gauged over a given period of 
time and the yield over 24 hours is estimated. A cable tool well which 
does not flow can be tested by running the bailer and noting the 
quantity that can be withdrawn per hour without lowering the static 
Iluid level in the hole. If the oil is slow in entering the hole, its flow 
may be accelerated by swab bing. A tool (the “swab") which fits the 
casing snugly is lowered to the reservoir zone and then hoisted rapidly 
to the surface. This creates a partial vac uum which pulls the oil from 
the surrounding roc k and may even start a well to flow. 

The testing procedure in a rotary well is of necessity quite different. 
At the time of penetration of the reservoir rock, the well is usually 
uncased belcjw the surface water zone and the hole is full of mud. fn 
the earlier clays of rotary drilling it was necessary to run casing in 
the well and remove all the mud before the formation could be tested 
for its capacity to produce. Because of the bother and expense, such 
testing was often omitted, and without doubt many reservoirs capable 
of yielding oil or gas in commercial cpiantides were bypassed in the 
wildcatling of that |jeriod. During the 1920’s the method of drill-stem 
testing which is in use today was developed. 

Drill-stern testing '^ uses the drill pi])e as a conduit and obviates the 
necessity of casing the hole and pumping out the mud. An empty 
string of drill pipe with a valve at the bottom and a pac:ker set so 
that it wdll land just above the fcjrmation to be tested is run into the 
hole. The packer seals off the mud from abene so that, when the 
valve at the bottom is opened, the Iluids in the reservoir will flow' 
into the empty drill stem. I1iis flow is brought about by the pressure 
differential between the reservoir rock, which approximales 0.46 jpound 
per foot of depth,* and the inside of the drill pipe, where the pressure 
is atmosplieric. 

Other things being equal, the amount of fluid entering a w'ell is 
directly proportional to the area of rock face or “bleeding surface.” 
Therefore, under like conditions more oil will enter a large-diameter 
well than one with small diameter. Two potent methods of increas- 

« Roy KihvLii'ds. “MechaniLs of Drill Sieni 'reslinf;." H or/rl Oil, l»art 1. Vol. IZiS 
(Deccml^er. 194S), pp. Pail 2. \ ol. 128 (January, 1919). pp. 82-86. 

* John R. Simian. "Drilliiifr, T esliiig. and Coinplelion." Elements of the Petroleum 
Industry (Am. Tiisl. Min. Met. Fn^incers, .Nciv York, 1940). p. 201. 




“Drilling In“ and Completing a Well 99 

ing manyfold the area of bleeding surface an^shoo^ing and addizmg.® 
Shooting is the detonating of a charge i)I.JiUrogly€erin which has been 
lowered into the well. The explosion shatters the rock for a consid¬ 
erable distance, producing many rock faces from which the fluid can 
drain into the well. Acidizing is the dumping of large quantities of 
hydrochloric acid into carbonate rock reservoirs. This acid contains 
an inhibitor which deters corrosion of steel, such as in ca^g and 
tools. The carbonate rock, however, is leached outward some dis¬ 
tance from the well by the action of the acid. The development of 
this technique in the early 19S0’s led to the revival of many declining 
limestone pools, W4th a second stage of flush production comparable 
in magnitude to the initial stage. In addition to increasing the area 
of the producing rock surface, shooting or acidizing a dry hole may 
cause a break-through into an oil-filled fracture in pools where the 
accumulation is largely crevice-controlled. 

Another development, also for the purpose of increasing well pro¬ 
ductivity, is the Hydra frac ^ process. A viscous gel is forced into the 
reservoir rock under hydraulic pressure of such magnitude that pre¬ 
existing fractures are extended and new fractures are formed. Then 
the gel is removed by injecting a “gel-breaker” solution which de¬ 
creases the viscosity so that the fluid may be readily displaced from 
the fractures. 

Completing a well includes all the steps taken to transform an 
exploration test into a producing oil or gas well. Once it has been 
demonstrated that the well can produce enough hydrocarbon to justify 
the completion costs, the necessary steps are begun. The simplest 
procedure can be followed where the well was drilled by cable tools 
and the reservrur is an indurated sandstone or competent limestone. 
Under these circumstances casing is run from the surface to the top 
of the reservoir or consolidated overlying rock, where it is cemented 
into place. Then smaller-diameter tubing, through which the oil is 
to travel to the surface, is run inside the casing to near the bottom of 
the hole, which is open below the casing seat. 

Where the reservoir rock is incoherent it is not possible to produce 
from an open hole. One method, long employed in water wells, is the 
“g ravel p ajjL,” in which gravel is poured iiuo the hole below the 
casing scat in order to discourage collapse of the wall of the bore hole. 

« F. DcColycr and Harold Vance, “Dihliography nn PeLroleiini Industry," Bull. 
A. and M. Coll. Texas, 83 (1914), pp. 160-461 (25 references). 

1 Ihid., pp. 528-530 (69 rcruieiices). 

7 B. Clark, "Hydraulic Fracturinfr of Oil, Gas Formations by Hydrafrac Proc- 
ess." Oil and Gas Jour., Vol. 48 (May 26, 1949), p. 75. 
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A very comnion procedure is to attach screens or perforated pipe sec¬ 
tions to the casinf' string at the proper point or points and cement the 
string into place before running the tubing. Another method with 
wide application in the newer oil fields is to run a solid string of 
casing from the surface to the bottom of the hole, cement it into 
place, and then perforate the casing at the desired levels by means of 
either a ^^un^pjejctojcaior,” which shoots bullets through the casing 
into the wall rock, or a casing perforator, which rips slits in the pipe 
srmiewhat in the manner of a can opener. 

RESERVOIR PRESSURES,!^ Reservoir pressure is the pressure 
exerted by the fluids and gases contained in the reservoir rock. This 
pressure can be measured during flow, or by shutting in the well and 
lowering a gauge to the reservoir face. Values range from but little 
above atmospheric pressure (14.4 pounds per square inch) to a rnaxi- 
niiiiTi recorded reading of 12,fi35 pounds per square inch.'’ As a 
general but not invariable rule, the reservoir pressure drops during 
the lifetime of an oil or gas field from a maximum at time of discov¬ 
ery to a mininium at time of abandonment. The degree of the drop 
depends upon the proportion of gas present, the hydrostatic; pressure 
of the edgewaier, and the percentage of the total volume of the reser¬ 
voir occupied by the hydrocarbons. Where a large percentage of gas 
is present, pressure drops of the greatest magnitude occur. If the 
edgewatcr |jressures arc high, the initial reservoir pressure may be 
maintained throughout the history of the oil field, even after all the 
oil wells have become water wells. If the reservoir is limited in size 
and the hydrocarbons oc;cu[)y the greater jiart of that rc^servoir, their 
removal will obviously be accompanied by a pressure drop because no 
new supplies of water are availalilc to occupy the relinquished space. 

The importance of reservoir pressure to the oil producer cannot be 
overemphasized. The initial pressures may be of such magnitude as 
to cause the well to flow, thereby saving jiumping expense. Even if 
the well ceases to How, or fails to How initially, the difference in pres¬ 
sures between the reservoir and the well causes the hydrocarbons to 

8 Slanlcy C. Hcnilil. Oil U’cll Drahiaf^c (Stanford LIniv. Pre.s.s, 1911); T. V. Milli¬ 
kan, “Prnilurlinn Piarliie," Illrttieiits of the Petroleum ludnsU-y (Ain. Iii.st. Min. 
Met. r.n^(inccrs, Nru' York, 1910), pp. 255-2.’)/; V. Illinp, “Tlie Ori^^in ol Pres-siire 
in Oil Pools,” of Petroleum (Oxford Univ. Press, London, 193H), Vol. 1, 

pp. 221-229; Conniiilii'L'S on Reservoir DevelopmenL and Operalion (Standard Oil 
Co. of New jersev, aililiated roinpanies. and Hiinilde Oil and Reliniiifr Company), 
Joint Progress Report on Reserx'oir Efficienty nnri Well Spacing (.Standard Oil 
Dcvclnpinenl Co., 1943). 

D Lee S. MrC^i.slin, Jr., “Tide Water's Record Breaker—Bollorn Hole Pre.ssure 
12,635 Psi,” Oi7 and Gas Jour., Vol. IB (Sept. 8, 1949), pp. 5H et seq. 
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flow into the well and to rise in the tubing toward the surlace so that 
the pumping depth may be considerably less than the reservoir depth. 
Furthermore, the maintenance of high reservoir pressure during the 
lifetime of a pool will result in a far greater yield than is possible ii 
the pressure is allowed to drop appreciably. The principal reason for 
the higher eventual recovery with maintenance of reservoir pressure 
lies in the relationship between the gas and oil within the reservoir. 
The greater the pressure, the more gas the oil can carry in solution; 
the more gas the oil has in solution, the greater its liquidity. The 
escape of gas to the surface in disproportionate amounts to the oil 
produced will result in more and more sluggish oil being left behind 
in the reservoir. Furthermore, the dropping of the pressure below 
the point at which the gas begins to come out of solution will cause 
the formation of minute gas bubbles, wdiich in turn retard the flow 
of oil. The proportion of gas to oil is known as the gas-oil ratio, 
and it is modern production practice to attempt to maintain it as 
near the initial ratio as possible. If the gas in the reservoir initially 
overlies the Oil (“gas cap”) or if during exploitation it escapes from 
the oil upward to the toj) of the reservoir instead of to the surface, it 
still maintains a useful function, as wdll be further explained in a 
subsequent paragraph. Hie expansive force of the gas in the gas cap 
tends to drive the oil downward into wells that have been completed 
low in the oil zone. If, however, the wells are completed in the gas 
cap, only gas will be produced and the greater part of the reservoir 
energy will become dissipated. 

Natural gas, because ni its high conqiressibility, is capable of storing 
up jjressiires that were the result of some activity in the geologic past 
which may be no longer existent. It is this ‘‘fossil” pressure that sup¬ 
plies the reservoir energy in many oil fields. 

Possible Causes of Reservoir Pressure. The pressure in the reservoir 
that is simplest to explain is that exerted by the water which almost 
invariably underlies the oil and gas deposit. If the reservoir rock is 
continuously permeable to the cnitcrop, the pressure exerted by the 
edgewater will be approximately equivalent to that of a vertical col¬ 
umn of water extending from the oil-water interface upward to the 
level of the water table below the outcrop of the reservoir rock. This 
amounts to 44 to d6 (depending upon degree of salinity) pounds per 

in R. V. Higirjns, ‘‘I’rniliictivily of Oil AVells aiirl Tnherciil Iiifliiciirc of Gas:Oil 
RaLios and Water Saliiralion," U. .V. Bur. Mines, Hepi. Investiirations .Sfi.57 (Scpteni- 
her, 1942). 
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square inch for each 100 feet of water column. In some oil fields 
lateral permeability of the reservoir rock apparently does extend to 
the outcrop, for the reservoir pressure is very close to the calculated 
pressure. At the other extreme, there are cases on record where the 
deeper reservoirs have much lower pressures than the shallower reser¬ 
voirs in which event it is obvious that there is little or no connection 
between the reservoir fluids and the water table. Probably in most 
fields there is at least an imperfect hydraulic connection with the water 
table, either by way of the reservoir rock or a trans-stratiheation frac¬ 
ture system, so that hydrostatic head is one of several forces involved 
in the reservoir j)ressure. 

Although pure water is only slif^htly compressible, reservoir brines 
have considerably higher compressibilities because of the presence of 
salts and gases in solution. It has been suggested that water expansion, 
which has ai coiiqjaiiied the lowering of reservoir pressure due to the 
exploitation of the East Texas field, has been the mechanism by which 
the edgewater has followed behind the oil as the oil has been re¬ 
moved." The artesian movement of water from the outcrop of the 
Woodbine sand to the zone of oil removal in East Texas is not con¬ 
sidered ade(|uate to fill immediately the pore spaces vacated by the 
oil drawn to the surfai:e. Bugbee emphasizes that only where the 
volume of edgewater is large (as at East Texas) can water expansion 
be of great importance. He also points out that in a lenslike reservoir 
hydrostatic pressures cannot be present, but expansion of compressed 
water can and no doubt does occur. 

Because the hydrocarbons occur in the j)ore spaces between grains 
of sand, or in miniature caverns in carbonate rock, they ordinarily do 
not c:aiTy any of the weight of the overlying rock. However, until 
the associated rock has compacted to its maximum extent, the reser¬ 
voirs will receive a pressure increment as the result of the squeezing 
out of the contained liejuid in the compacting clay, mud, or calc:arec3us 
ooze. In a few places, as at Goose Creek, Texas, the production of oil 
has been accompanied by a settling or a subsidence of the surface, 
perhaps because of accelerated compaction made possible by the low¬ 
ering of pressure in the reservoir. In many cases of surface subsidence 

o R. J. Srliiltluiis ami William Hursl, “\’ariatinn.<i in Reservoir Pressure in llie 
Ease Texas Field," Trntis. A7n. Inst. Min. Met. Engineers, Vol. 114 (Petroleum Dc- 
vcliipincnt and 'rechnology, 193.'»), pp. 164-173. 

M. Bu^;liee, “Reservoir Aiialy.ses and C^eolo^ic Slrucliirc,” Trans. Am. Inst. 
Min. iMet. Engineers, \’nl. l.'il (Petroleum Developnieiil and Technologv, 134.3). 
pp. 93-111. 
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of oil fields, however, the removal of large quantities of reservoir sand 
along with the hydrocarbons has been responsible for the settling. 

Some of the pressure in the reservoir may be residual from a past 
period of diastrophism when lateral compressional forces which accom¬ 
panied mountain-building activity were added to the static pressures 
caused by the weight of the overlying sediment. 

Another possible cause of reservoir pressure is the generation of 
oil and gas. If this generation takes place after compaction and 
lithifaction, the volume increase that accompanies the transformation 
of organic solid into liquid hydrocarbon would naturally increase the 
pressures existing in the reservoirs. Furthermore, the various changes 
which take place in the molecular structure of the hydrocarbons dur¬ 
ing their post-generation history are also accompanied by an increase 
or decrease in volume, which will create pressure changes within the 
reservoir. Pressure control is also brought about by the temperature 
of the reservoir. The increase in temperature, which normally takes 
place with increased depth, will also increase the pressure of any 
confined gas. In adilition, the temperature increase will drive some 
of the gas out of solution in the oil, thereby increasing the C]uantity of 
free gas available in the reservoir and at the same time increasing the 
magnitude of the reservoir energy. Various miscellaneous causes of 
reservoir pressure have been suggested. According to Waldschmidt,*'‘ 
"much of the initial high pressure in some fields may directly result 
from precipitation of crystalline minerals within the voids of the 
reservoir rock." He points out that the volume of w^ater with anhy¬ 
drite in solution is less than the total volume of water with the calcium 
sulfate precipitated. 'Mie natural cemeiuation of clastic reservoir rock 
would therefore result in an increase in the pressures existing within 
the reservoir rock, provided that it was a closed system at the time 
the precipitation of the natural cement took place. 'Fhe hydration 
of minerals in the surrounding rocks and the adsorption of water by 
clay would withdraw water from the reservoir and result in a decrease 
in pressure. The gradual denudation of an oil field would also result 
in a decrease in pressure due to the lowering of hydrostatic head, the 
lowering of temperature, and, in the final phases, to the introduction 
of surface waters with bacteria and salts in solution. The mineralized 
ground waters would tend to asphalti/e the petroleum, which in turn 

13 W. A. Walilschmidl, “CemcriLiiig MaLerials in .Sandstones and Probable In¬ 
fluence of Migration and Accumulation of Oil and Gas," Bull. Am. Assoc. Petrol. 
GeoL, Vol. 25 (October. 1341), pp. 1 H.’J.3-1 H79. 
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would produce volume and consequent pressure change. Bacterial 
activity in the reservoir may result in the release of carbon dioxide, 
which would affect the pressure. 

It can be concluded from this discussion of reservoir pressures that 
the extent of the connection between the fluids in the reservoir and 
the water table is of utmost importance. In a completely open system, 
as where a sandstone is laterally continuous and uniformly permeable 
from trap to outcrop, the pressure is exclusively due to the hydrostatic 
head. “Fossil” pressures are impossible, for any increase in tlie past 
would have been nullified by outflow at the water table below the 
outcrop. ' In a closed system, with no connection between reservoir 
and ground-water circulation, any or all of the other pressure causes 
enumerated could be responsible. Probably of greatest importance 
are the pressures created by the expansive force of water trapped 
with the hydrocarbons in the closed reservoir and the residual forces 
that accumulated in the past because of squeezing, increased tempera¬ 
tures, and iTiolet ular changes within the hydrocarbons. Timing con¬ 
trols the importaiHie of such possible pressure causes as cementation 
and petroleum generation. If cementation can take place in volume 
after the hydrocarbons have accumulated in the reservoir, then cemen¬ 
tation becomes a potent pressure cause. Similarly, if lithifaction is 
complete before oil is formed, the generation of oil would produce a 
vtdume change that would result in an increase in pressure. 

In most reservoirs the hydraulic system is probably neither wide 
open nor tightly closed; an inqjerfect, tortm)us, higli-lriclion connec¬ 
tion with the water table may exist so that the reservoir pressure is a 
combination of hydrostatic and residual forces. 

Dissolved Gas Drive. Petroleum is propelled out of the reservoir 
and into the well by one, or a combination, of three processes: dis¬ 
solved gas drive, gas cap dri>’e, ami water drive. Early recognition of 
the type of drive involved is essential to the efficient development of 
an oil field. In dissolved gas drive, the [jropulsive force is the gas 
which is in solution in the oil and which tends to come out of solution 
because of the pressure release at the point ()f penetration of a w'ell. 
The movement of oil produced by dissolved gas drive is analogous to 
the effervescence that results from the uncapping of an agitated bottle 
of soda water. Dissolved gas drive is most likely to exist in structures 
of low relief; high structural relief encourages the segregation of gas 
and oil into separate bodies. Dissolved gas drive is the least efficient 
type of natural drive. Nothing can be done to control the gas-oil 
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ratio; the bottoin-hole pressure drops rapidly, and the total eventual 
recovery is only from 20 to 40 per cent. 

Gas Cap Drive. If gas overlies the oil, beneath the top of the 
trap, it is compressed and can be utilized to drive the oil into wells 
which are footed toward the bottom of the oil-bearing zone. The 
highest-pressure oil fields are of this type, and costly “blowouts” have 
resulted from the unexpected piercing of the roof of such a gas cap. 
By producing oil only from below the gas cap it is possible to main¬ 
tain a high gas-oil ratif) in the reservoir until almost the very end of 
the life of the pool. If, however, the oil deposit is not systematically 
developed, so that bypassing of the gas occurs, an undue proportion 
of oil will be left behind. During the life of a properly controlled gas 
cap field, the decline in reservoir pressure is moderate and the total 
recovery may be as high as 70 to 80 per cent. 

74ic ultimate in gas caps arc the so-called condensate fields in the 
Gulf Coast area of I'exas and Louisiana and in California. I hese are 
deep-seated, high-temperature gas accumulations from which licjuid 
hydrocarbons (“condensate”) can be recovered ai the surface by reduc¬ 
tion of pressure and temperature. 'Lhere remains a large volume of 
residual gas after the condensate has been removed, and the modern 
practice is to “i:ycle” this gas by compressing and reinjecting it into 
the reservoir. By thus maintaining adequate pressure within the gas 
cap, condensation in the reservoir is prevented. Such condensation 
would result in a lesser eventual recovery because of the inevitable 
loss of the liquid that would remain in the reservoir. 

Water Drive. The most efficient propulsive force in driving oil 
into a well is natural water drive, in which the pressure of the edge- 
water forces the lighter oil ahead and upward until all the recoverable 
oil has been flushed out of the reservoir into the producing wells. In 
anticlinal ai cumulation, the structurally lowest wells around the flanks 
of the dome w’ill be the first to come into water, after which the oil- 
water contact plane will move upward uniil only the wells at the top 
of the anticline are still producing oil, and eventually these too will 
have to be abandoned as the water displaces the oil. In a water-drive 
field it is essential that the removal rate be so adjusted that the water 
moves up evenly and as fast as space is made available for it by the 
removal of the hydrocarbons. If properly practiced, no appreciable 
decline in the bottom-hole pressure takes place, and the recovery may 
run as high as 80 per cent. As has already been noted, the force 
behind the water drive may be either hydrostatic pressure, the expan¬ 
sion of the reservoir w^ater, or a combination of both. 




106 Exploitation 

i jlV^ETHODS OF PRODUCIT^ WELLS.^^ Oil may be produced 
iVy^atural flow, tnduccd flow,mechanical lift. In most reservoirs 
the energy is sufficient during the early stages of exploitation to force 
the petroleum into the wells and up the tubing to the surface, whence 
it flows to a tank battery. However, some fields initially, and almost 
all fields eventually, have to be produced by means of help from the 
siirlare. I'he simplest method is the gas lift, in which natural gas is 
pumped lo the bottom of the well through the annular space between 
the tubing and the (asing. 7'he oil that collects in the boring is 
pushed up the tubing to the surface by the force of the compressed 
gas. Gas lift merely supplies the natural reservoir with energy that 
it never had or no longer possesses. I'he gas used is most often a 
by-product of the oil from which it has been separated at the surface, 
nuring the crmipression of the gas, any gasoline present (“wet” gas) 
is removed before the gas is reinjected into the reservoir. If the local 
gas supply is inadetpiate, natural gas from other fields may be used. 
Air can be used in the same manner but has the decided disadvantages 
of corroding all metal with which it comes in contact and of producing 
a highly explosive mixture. 

By far the most common method of producing oil from non-flowing 
wells is by means id a puinj) which provides a mechanical lift to the 
fluids in the reservoir. A pump barrel is lowered into the well on a 
string of solid steel rods known as “sucker rods.” Up-and-down 
inovemcnt of the sucker rods forces ihe oil up the tubing to the sur¬ 
face. T his vertical movement may be su|)plied by a walking beam 
powereil by a nearby engine, or it may be brought about through the 
use of a jjiimp jack, which is connected with a central power source 
by means of “pull rods.” 

Substances Which May Be Produced by a Well. A considerable 
variety of materials may be produced by oil wells in addition to liquid 
and gaseous hydrocarbons. The natural gas itself may contain as 
impurities one or more non-hydrocarbon substances.'The most 
abundant of these impurities is hydrogen sulfide, which imparts a 
noticeable odor to the gas. A small amount of this compound is 
considered to be advantageous, for it gives warning of leaks when and 
where they occur. A larger amount, however, makes the gas obnoxious 

C. V. Millikan, "rroilurlion Praaicc," Elements of the Petroleum /7idiw/iv 
(Am. Inst. Min. Mel. £ii(;inccis, 19-10), pp. 260-2/0: Munis Muskat, Physical Prin¬ 
ciples of Oil Production. McGraw-Hill. \cw York, 1949). 

19 C. £. Dolibin, "Geulugy of Natural Gases Rich in Helium, Nitrogen, Carbon 
Dioxide, and Hvdrogen Sulfide,” Geology of \atural Gas (Am. Assoc. Petrol. Geol., 
1935). pp. 1053-1072. 
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and difficult to market. Such gas is referred to as "sour gas," and much 
of it is used in the manufacture of carbon black. 

A few natural gases contain helium. It is interesting to note that 
this element occurs in commercial quantities in certain gas fields in 
Texas, Colorado, and Utah, but it has not yet been found in any 
volume anywhere else in the world.^® Nitrogen has also been found 
in some natural gases. The last few years have seen not only the 
discovery but also the cornniercial development of carbon dioxide gas 
occurring in natural reservoirs in the southwest.^"^ Natural carbon 
dioxide is used in the nianufacture of Dry Ice. Because of the great 
cooling effect of expanding carbon dioxide, the surface pipes and fit¬ 
tings of wells yielding any appreciable volume of this gas become 
coated with frost, which has led to the appellation "ice cream" wells. 
Two carbon dioxide fields have been developed in New Mexico and 
at least one field in each of the states of Colorado, Utah, and Cali¬ 
fornia. I'he origin of the non-hydrocarbon gases is discussed in 
Chapter 5 under "Origin of Natural Gas." 

The liquid hydrocarbons produced by a well may include solid 
hydrocarbons in solution which separate upon reaching the surface 
and cause clogging of the pipes and fittings. Both the paraffin hydro¬ 
carbons and bitumen are offenders in this regard. 

By far the most abundant extraneous material is water. Many 
wells, especially during their declining years, produce vast quantities 
of salt water, and its disposal, which is discussed in the following 
section, is both a serious and an expensive problem. Furthermore, 
the brine may be corrosive, necessitating frec|uent replacement of 
casing, pipe, and valves, or it may be saturated so that the salts tend 
to precipitate upon reaching the surface. In either case the water 
produced with the oil is a source of continuing trouble. 

Where the reservoir rock is an incoherent sand or poorly cemented 
sandstone, large quantities of sand will be produced along with the 
oil and gas. On its way to the surface this sand creates an explosion 
hazard by the sparks which may be produced, and sand has even 
been known to scour its way completely through pipes and fittings. 

Andrew Stewart, “Aboiil Helium,” U. S. /fur. Mines F?iformation Circular 674.'i 
fSeptember, 1933). 

1" Frank E. E. Gcnnann, “The Occurrence uf Carbon Dioxide," .Scienri?, Vol. H7 
(June 10, 1938), pp. 513-521; J. Charles Miller, "Discussion of Ori|;in, OLCurrciicc, 
and the Use of Natural t/arbon Dioxide in the United States," Oil and Gas Jour., 
Vol. 25 (Nov. 9. 1933), pp. 19-20; .Sterling B. Talmape and A. Andreas, "Carbon 
Dioxide in New Mexico,” N. Mex. Bur. Mines Bull. 18 (1945?), pp. 301-307. 

ibG. W. Preckshot, N. G. DeLisle, C. E. Cottrell, and D. U. Katz, "Asphaltic 
Substances in Crude Oils,” Am. Inst. Min. Mel. Engineers, T.P. 1514 (1942). 
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Alter it reaches the surface, the sand presents a disposal problem. 
Some of the European oil wells have ^eat mounds of sand immedi¬ 
ately adjacent. 

DEVELOPMENT AND CONSERVATION PRACTICES.’« Con 
servation of oil and gas is not prevention of their use, but prevention 
of wastage of not only oil and gas but also of development costs, 
property, and other natural resources, especially fresh water. An 
outstanding example of wastage is oil left behind in the reservoir 
because oT bypassing by natural gas or water during exploitation. 
Another example ni wastage is a “wild” wtII, for not only are the 
hydrocarbons dissipated into the air or over the surface but also the 
uncontrolled flow drains off invaluable reservoir energy. Improperly 
sealed surface equipment will permit leakage of gas and evaporation 
of the lighter hydrocarbons from crude oil. Further gas wastage takes 
place at the surface through the indiscriminate use of flares and 
through valving the gas into the air, if no market is immediately 
available, in order to produce the associated oil. The amount of 
energy that has been lost by venting gas into the air has been 
enormous. The productitrn of carbon black by partial combustion 
ol natural gas is considered an inefficient use of this natural resource 
and is outlawed by statute in many states except where the gas is 
''sour.” 

An outstanding example of the wastage of development costs is 
the close spacing of wells where the property units arc small, as in 
the case of tow’ii lots. It is obviously a wrongful expenditure of 
stockholders' money to drill from two to ten wells in order to produce 
the same ainounl of hydiocarl)ons that one properly located well 
would yield. Further economic wastage occurs through property 
damage caused by fire and explosion. 

Perhaps the most insidious wrastage is that brought about by the 
pollution of Iresh w'aters, Ijolh siirlace and underground, by brines 
produced during the exploitation of an oil deposit. 

Ciertain de\’elopmcnt practices have evolved for the purpose of 
minimi/ing wastage, especially of oil in the under ground reservoir. 
It has been found that, by controlling the rate of production, the 
spacing of wells, and the development of a reservoir as a unit (“unitiza- 

i»N. Alliertsnii, ‘Coiiscrviuion. ’ Elnnents nf the relrolrum ludustty (Am. Insl 
Mill. Mel. EiiRiiifCis. New Ynik, iniO). pp. 27!)-2HH; Carl Coke Risier, 0,7.' Titan 
of the Sottthivest (IJiiiv. of Okla. I’rcss, pp. 3fi8~377; AmcriLaii Bar Assoiiatinii 

(Senion ol Mineral Law), A I.e^al History of Cnfispn>ntion of Oil and Gas ff^hicago. 
1M3H); John Forbes. Flush Production (IJniv. of Okla. Press, 1942). 
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tion*'), the most efficient operation can be obtained. Following ihese 
conservation practices increases profits, and so iheir use is advocated 
and strongly supported by the petroleum industry. Proper disposal 
of oil-field brines is a practice which is not, perhaps, so enthusiastically 
followed but which if ignored leads to expensive lawsuits and loss of 
good will. Conservation methods are considered in the following 
paragraphs. Secondary recovery, which attempts to drive the last 
available drop of oil from the reservoir, is discussed in Chapter 11. 

Proration.Proration is the allocation of 4lemand, and hence ol 
production, among competing operators. This allocation may be 
on a voluntary basis or it may be conlrolled by a state n'gulatory body. 
The history of proration is brief, but ils evolution constitutes an 
interesting chapter in the story of oil in the United States. Proration 
was first used successfully on a voluntary basis at Seminole, Oklahoma, 
in 1926. The purpose at that time, and throughout its early years, 
w^as to adjust the supply of petroleum so that it did not greatly exceed 
the demand, thereby depressing the price below all hope of profit. 
Before proration, oil and gas were produced according to the "law 
of capture," which meant that the first man into the reservoir helped 
himself to as much hydrocarbon as he could remove, and of course 
the faster he got it out the greater would be his immediate return. 

The early history of proration was marked by bitier antagonism 
on the part of many oil producers who insisted that they be allowed 
to continue to produce according to the traditional law of capture, 
riie discovery of oil in large amounts in the late 192n’s, culminated 
by the East Texas strike in 1929, led to wider and wider application 
of proration until eventually it became practically industry-wide in 
the United States. While this development was taking place, the 
reservoir engineers were learning more and more about the natural 
conditions controlling oil production, and it became increasingly 
obvious that reservoir energy was a valuable asset and that its dissipa¬ 
tion resulted in low total recovery of oil from the reservoir. Curtailed 
production helps to maintain the reservoir pressure and the gas-oil 
ratio, and it lessens the chances of bypassing of oil by tongues of 
edgewater pushing toward the well with unrestrained output. With 
this realization, proration evolved from purely a method of production 

E. DeGolycr :iiul Harold Vance, "Bibliof^raphy on the eelroleuin Induslry,” 
Bull. A. and M. Coll. Texas, 83 fI944), pp. 089-091 H 10 lilies); Josepli E. Po|jfue, 
“Economics ol' ihc Pclroleiim Industry,’’ Elernenls of the Petroleum Industry (Am. 
Insi. Min. Mel. Engineers, 1940), pp. 453-501; l.cc S. Miller, "Why Oil Proralion?" 
Michigan Consentation, Vol. 12 (November, 1943), pp. 4, 5, and 11. 
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(and price) control to a most important conservation measure. How¬ 
ever, in times of oversupply of oil, it can be and is used for planned 
production in order to balance supply and demand. In times of 
scarcity it is practiced solely as a measure of conserving reservoir energy 
and increasing the eventual yield. 

There is no general federal jurisdiction over the output of oil wells. 
Ihc U. S. Bureau of Mines does attempt to forecast demand and to 
suggest an allocation to the different oil-producing states. How closely 
the individual states adjust their production to the Bureau of Mines 
figure is a matter of local decision. The regulatory body within each 
state may be the Department of Conservation, the Public Utilities 
or .State Corporation Commission, or even, in Texas, the State Railroad 
Commission. The states which provide such regulatory machinery are 
loosely bound together in the Interstate Oil Compact, an organization 
that meets periodically and discusses quotas and procedures. 

In addition to conserving reservoir energy and stabilizing supply 
and demand, proration has another responsibility: to insure that the 
equities of the individual property owners and producers are pre¬ 
served. Most oil deposits are owned by not one but many individuals 
and companies. However, the deposit itself is a single body of hydro¬ 
carbon in a continuous reservoir, and the only way that that reservoir 
can be efficiently exploited is to operate it as a unit. This may be done 
by unitization (to be discussed in a subsequent paragraph) or it may 
be partially carried out by proration. The state regulatory body 
attempts to assign well production allowables in such a manner as 
to be equitable to all concerned. 

The allowable production for an oil pool is determined by calculat¬ 
ing the optimum production rate in terms of conservation of reservoir 
energy and adjusting that figure to the local market situation. The 
allocation to individual w^ells within the pool (“ratable taking") is 
fixed with due regard to the ownership pattern. 

Well Spacing.-^ There is no standard spacing for oil and gas wells. 
Although some wells have been drilled on tracts as small as town 

21 E. DcGnlycr aiiil Harulil \':iiice, "Biblioj^raphy on ihe rcLrolcuin Industry,” 
Uii//. A. and M. ('.oil. Texas, H3 (1944), pp. 394—396 (66 titles); Perry Olcott, et al. 
(Houston Geoluf^ii'ul Society Siiuly Group on Well Spacing), "Problem of Well 
Sparing," Bull. .Im. Assor. Petrol. Geol., Vol. 26 f|aniiary. 1942), pp. 100-122 (121 
references); Stuart K. Clark, C'. W. Tonilinsoii, and (. S. Royds, "Well Spacing— 
Us Elfccl on Recoveries and Profits," Bull. .4?n. .4.vAor. Petrol. Geol., Vol. 2H 
(February, 1944). pp. 231-2.’i6: CnminitLecs on Reservoir nevelopmeiil and Opera¬ 
tion (Standard Oil Co. of New Jersey, afldiated companies, and Humble Oil and 
Refining Co.), Joint Progress Report on Reseufoir Effirienry and Wetl Sparing 
(Standard Oil Development Co., 1943); John C. Miller, "Well Spacing and Produc- 
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lots, the commonest oil spacings are 10 acres, 20 acres, and 40 acres. 
In large gas fields, a spacing of one well to each 160 acres is common 
practice, and in the very large Belds the spacing is one well to each 
640 acres. The primary physical consideration in jhg discussion of 
optimum spacing is what spacing between wells will result in the 
greatest ultimate recovery of oil from the reservoir. There is 
wide variation of opinion on this subject. At one extreme are those 
who believe that, given time enough, a single properly placed well 
would drain a reservoir, regardless of size, as thoroughly as would a 
multitude of wells. The followers of this school of thought believe 
that the structural position in terms of type of drive (dissolved gas, 
gas cap, or natural water drive) is most important and that the 
spacing between wells should be based solely on economic factors. 
A much more conservative viewpoint is taken by Miller,- - who believes 
that in the sandstone reservoirs of the West Columbia held, llrazoria 
County, Texas, the drainage range is from 500 to 800 feet out from 
each well. Miller, therefore, advocates a spacing of 17 to 20 acres 
for this type of reservoir. 

The optimum spacing is the one that j^roduces the most oil at the 
least cost per barrel. Therefore, the economic factors are of utmost 
importance. It may not be true that, the more wells drilled, the 
greater the total ultimate recovery, but it is true that, the more wells 
drilled, the quicker the reservoir will be emptied.-'* Kecause of the 
interest charges on the investment made in exploration and drilling, 
it is economically advantageous to exhaust the pool as soon as possible 
without wastage. On the other hand, the more wells drilled, the 
greater the monetary outlay in obtaining the oil. Every reservoir 
presents its own problem; the determination of the most efficient 
spacing pattern is primarily the problem of the reservoir engineer. 
The present tendency in the deep Gulf Coast and California helds 
is to increase the spacing because of (1) the high drilling costs and 
(2) the high recoveries that are possible, regardless of spacing, in the 
repressured reservoirs. 

linn IiiterfeiTiiiL* in VVesi Ciiliiinliia I’iclil, Itra/uriu Cniiiily, 'rexas," Hull. .4m. Asme. 
Petrol. Geo/., \’ol. 26 U)I2), p|>. 1441-1466; 1.ester C. IJren, "Economic 

Considerations of the Well Spaciii):; l•rol)lL■ln,” Petrol. Engineer, Vol. 15 (November, 
1913), pp. 116-llB, 120, and 122. 

22 Op. cit. 

23 C. W. Tomlinson, "Closer Well Spacing May Profirably Yield Extra Oil," 
World Oil, Vol. 129 (September, 1949), pp. 47-1H; Stiiart K. Clark, C. W. Tomlinson, 
and J. S. Royds, "Well Spacing and Its Effect on Recoveries and Profits," Bull. Am. 
Assoc. Petrol. Geo/., Vol. 2H (February, 1919), pp. 231-256. 
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It is undoubiedJy true that many of the older fields have yielded 
lower than niaximiini profits because the spacing was too close. Prior 
to World War II, 10-arre spacing was the general rule in many fields. 
The current trend is ttjward 20-acre and 40-acre spacings. However, 
there are several types of narrow elongate fields such as fault line 
pools, dolomite streak pools, shoestring sand pools, and small shar]) 
anticlinal arcumiilatirms in which 10-acre spacing is indicated. In 
fact, some of the pools of ihis type which are producing today might 
never have been discovered had a 40-acre plan been followed. 

Unitization.-' A subsurface accumulation of oil or gas has no 
regard for such arbitrary lines drawm on the earth’s surface as state, 
county, or township boundaries, or property ownership lines. Neither 
is there any subsurface demarcation between different leases held by 
oil companies bent upon exploiting the hydrocarbons in the reservoir. 
In spite of this variegated surface ownership or control pattern, the 
oil or gas deposit is a single unit and the treatment it receives from 
the various exploiters is shared by all. Fortunately, proration has 
tended to cure one of the greatest evils of disconnected independent 
o|)eration, namely, the rapid dissi])ation of reservoir energy w^hich 
was permitted under the law of capture. But in many pools it is 
not sufficient that delelcrious activities only be controlled. In some 
fields, such as gas condensate fields, it is of parainouiu importance 
that the gas, wrung dry of the liquid hydrocarbons, should be re- 
pressured (“recycled”) and returned lo the reservoir. It is obviously 
impossible for one company to go to the additional expense of a 
recycling plain if his conq)etitors tapping the same reserviur do not 
do likewise. The total ultimate recovery of an oil field may be 
greatly increased by ihe einploymeni of such secondary recovery 
methods (see Chapter 11) as ariificial flooding. Again it is impractical 
for a producer to bear this expense alone if others will also prtifit 
thereby. In many jilaces where tlie disposal of oil-field brines is a 
major problem and expense, it is more feasible for the operation 
to be carried out as a cooperative enterprise than by individual 
operators. 

-■* E. DeGolyer and Harold Vance, "Bihliography on the PeiiDlEuni Intlusiry." 
Bull. A. avd M. Coll. Texas, A5 (1944), pp. .896-400 (116 lilies): H. S. Gibson. 
"Scieiuilic Ibiit Conirol," Science of Pelrrdruni (Oxlnrd IJniv. Press. 193B), Vol. 1, 
pp. .'i.84-'540: Anon., "West Kdninnd Ibiil Eliiniiialcs Waslc,” The Link (Cariei 
Oil Co.), Vol. 12 (November, 1947), p. 19: l.cigh 5. McCaslin, Jr.. "Nation’s l.argesi 
Voliiniary Unit Formed on Texas Gull C.oasi," Oi7 and Gas Jour., Vol. 47 (Sepl. 
16, 19IH). pp. HI ef seq. 
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The systematic development and operation of an oil and gas deposit 
as a single unit is known as unitization. In countries such as Russia, 
where the state has absolute control over the exploitation of the 
mineral resources, unitization is automatic. But in a system of free 
enterprise, it can be carried out only by cooperalion. An early and 
a very successful example of unitization was the Salt C^reek field in 
Wyoming. Only a few companies controlled the leases covering this 
field, and they placed complete aurhority in the hands of an operating 
committee. This committee, initiated long before the advent of 
state-regulated proration, decided when and where every well was to 
be drilled and how much it was to be allowed to produce from day 
to day. Such a procedure tends to produce maximum total recovery 
and maximum possible profit. The legal machinery has been estab¬ 
lished in the Gulf Coast area to make easy the formation of unit 
agreements in the gas condensate fields. Oklahoma passed a new 
unitization law in 1945, following which the operators in the West 
Edmond pool voluntarily formed a cooperative unit to be admin¬ 
istered by an engineering committee. Secondary recovery and brine 
disposal activities have led tr) many cooperative agreements which in 
effect unitize the solution of one particular problem. 

Brine Disposal.-'* Many oil wells yield water as well as oil, and, 
in the declining months of operation of the well, the amount of water 
may become enormous. There arc many oil wells in some of the 
older districts that produce over 100 barrels of water for each barrel 
of oil. This water woidd not be such a great problem were it not 
for the fact that it is invariably mineralized. The percentage of 
sodium chloride and other salts in solution is usually greater than 
that of the ocean water. Disposing of this concentrated brine without 
doing irreparable damage to the local economy presents the operator 
with a serious problem. 

Only when the oil field is close to the ocean or other body of salt 
water is the disposal of oil-field brine a simple matter, for then it 
can be piped directly into the surface body of salt water. In times 
past it has been the custom to let the brine escape into the local 
surface drainage system. The introduiition of brine into the rivers 
killed the fish and polluted the water used for drinking and industrial 
purposes downstream. When this nuisance had been abated by law¬ 
suit and statute, the next step was to store the brine in artificial ponds 
near the wells. The water left the ponds either by evaporation or 

-5 E. DeGoIyci and Harold Vaiite, “nibliogtaphy on ihc Petroleum Industry," 
Bull. A. and Af. Coil. Texas, H3 (1944), pp. 468-470 (57 titles). 



114 Exploitation 

by release into the river during times of high water when the brine 
would berome too diluted to cause appreciable damage. However, 
both these disposal methods proved to be quite unsatisfactory. Where 
the climate encouraged evaporation, the concentrated brine that 
remained in the pond would flocculate the clay floor and escape into 
shallow ground-water aquifers, spreading into neighboring farm wells 
and eventually ruining even municipal supplies. The down-river 
flood-time "booming” was of course dependent upon floods, which 
usually fail to appear with the necessary regularity. 

The next step in the evolution of oil-field-brine disposal was to 
drill wells into water-deficient sands lying between the surface and 
the oil reservoir. 7’his proved to be a ha/.ardoiis procedure because 
the salt water that was pumped into these sands under pressure often 
broke through into valuable fresh water a(|uifers. The final and 
logical procedure is to pump the brine back down into the reservoir 
whence it came, 'riieoretically this idea is excellent for two reasons: 
(1) that is one place where there is room for the brine, because it just 
came from there, and (2) the reservoir energy can be maintained by 
repressuring the water below the oil. There are, however, some 
complications to this practice. In the first place, a disposal well must 
be obtained. This may be a "dry” well which was originally drilled 
beyond the boundaries of the pool, or it may be a well which initially 
])n)diired but was later abandoned because the water yield increased 
beyond the point at which it was possible to operate the well profit¬ 
ably, or, third, the producers may share the expense of drilling a new 
disposal well beyond the edge of the producing part of the reservoir. 
The brine must be treated chemically before being returned to the 
reservoir because in making its trip to the surface the changes in 
temperature, pressure, and environment may have changed its nature 
to such an extent that when the brine is returned to the reservoir 
certain of the compounds in solution will precipitate out, thereby 
clogging the pores and preventing, or at least retarding, the rate of 
input. However, these complications have been successfully con¬ 
quered. and in many areas today it is standard practice to recycle 
the brine back into the reservoir rock. 

VALUATION,-'* The valuation of oil property includes appraising 
the monetary value of such items as drilling equipment, derricks, 

E. DeGnlyer ;ind Harold Vance. “Biljliograpliy on ihc Pciroleum Iiidusiry," 
Bull. A. and M. CoU. Texas, B3 (1944), pp. 668-674 (1.51 lilies); F. M. Van Tuyl 
and \V. F. Levings. “Review of Pelruleiim Geology 1945," ()uarterly Colo. School of 
Mines. Vol. 41 (July, 1947), pp. 238-Z.39 (6 lilies); Paul Paine, Oil Properly Valua- 
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buildings, pipe lines, tanks, the oil in storage above ground, the oil 
in transit, the company’s lease holdings, royalty and partnership 
interests, and the known reserve of oil still in its natural underground 
storage. The broad problem of valuation is best left to the valuation 
engineer, but the production engineers and even at times the geologists 
are called upon to make an estimate of how much oil or gas a held 
now in production can be counted on to yield before abandonment. 
The procedures vary somewhat, depending upon whether the held is 
primarily an oil held or a gas held. 

Estimation of Oil Reserves.^^ This discussion is conhned to known 
reserves. It is impossible to calculate accurately the reserves of 
oil not yet produced from a petroleum deposit unless and until 
enough wells have been drilled so as to outline the area of the 
accumulation. This is done by drilling cmoiigh dry holes about the 
perimeter to map the production limits. With the data obtained 
during the drilling, it is possible to make a fairly accurate estimate 
of the amount of oil that can be produced subsequently. A distinction 
should be made between such calculations of petroleum reserves in 
“proved” areas and calculations made on the basis of an insufheient 
number of wells to obtain all the reservoir data necessary.-^ If a held 
has been outlined on three sides but not on the fourth side by dry 
holes, it is possible to obtain from what is known of the structural 
picture of the accumulation a “probable” area estimate which can 
be used in making a reserve calculation. If, however, there are only 
one or two wells so far drilled in a newly discovered held, an ultimate 
recovery estimate becomes largely guesswork. 

Much of the divergence that has been noted between estimates of 
probable recovery and the actual recovery has been due to acceptance 
of probable area reserve figures as though they were proved area calcu¬ 
lations. Even in proved areas, however, there are factors of uncer¬ 
tainty. An oil field is never abandoned because of complete ex¬ 
haustion. It is abandoned when it is no longer profitable to pump 
oil from the reservoir, separate it from the accompanying water, and 

lion (Wiley, New Vnik, 1JM2); David Doiiogliue, "Noie on Appraisal," Bull. Am. 
Assoc. Petrol. Geol.. Vol. 26 (July, 1942). pp. 12H3-12R9. 

27 F. S. Shaw, "Review of IJltinialc Recovery Factors and Methods of Kstimalirin," 
Oil Weekly, Vol. 106 (July 13, 1942), pp. 16-26; V. Dilihiii, "Method.s of £stimarin^ 
Oil Reseives," Interrmtiouul Geolof^ical Congress, IJlh Session, U.S.S.R., 1937 (Pre¬ 
print, 1936); K. Marshall Fagiii, "Notes on F.stimating Crude Oil Reserves," Petrol. 
Engineer, Vol. 17 (Septenilicr, 1946), pp. 92-94. 

2B Frederick H. Laliec, "This Matter of Estimating Oil Reserves," Bull. Am. Assoc. 
Petrol. Geol., Vol. 25 (January. 1941), pp. 164-166. 
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market it. Calculations of the recoverable oil are of necessity based 
on the market situation at the time the calculations are made; fluctua¬ 
tions in the price of oil or in the production cost may cause the 
abandonment point to be reached earlier or later than originally 
calculated. 

Methrids of calculating the amount of oil that can be produced 
by an oil field fall into three general classes: (1) the production history 
of older, geologically similar fields; (2) the production history of the 
pool itself during its early months, and (8) volumetric methods in 
which the actual bulk of the oil in the undergrf)und reservoir is 
calculated and the recoverable percentage estimated. 

The first method cannot be used with any great degree of accuracy. 
Every natural reservoir has its own specifications and i^s own behavior 
pattern, and close parallels are highly improbable. This method is 
applied by taking the per acre-foot recovery figure for a field which 
had the same type of reservoir rock and a similar structural setting 
and multiplying it by the area and thickness of the reservoir of the 
newer field. 

The history written by an oil well or a group of wells during their 
first few months of production can be used in at least three different 
ways to estimate future production. • One of these is to take the initial 
daily production, or the cumulative production for the first thirty 
days, or the first year’s production and multij)ly this figure by a factrn 
in order to obtain the probable eventual yield. Factors that have 
been used for the initial daily juodiiction range from fi^H for wells 
which produce less than 100 barrels a day initially down to 240 for 
wells ])roducing over fiOO barrels a day.-'* According to Moore,®" a 
common rule of thumb has been to multiply the wide-open production 
for the first thirty days by 300 in order to obtain the ultimate yield. 
Experience has shown that in some of the older California fields the 
ultimate |jroduction was four to six times the first year’s production. 

Inasmuch as most states now prohibit the unrestricted flow of oil 
from a well, methods based on wide-open flow over a period of time 
no longer have much applicability. Before proration the decline curve 
method of estimating underground oil reserves was widely used.^i 
fn this method the daily production of the well is plotted and a 

S. F. Sliaw, "Rrvicu' of l-lliinale Rernvery Faciors and Methods of Estimation," 
Oj7 Wrekh, Vol. lOti (jiily 1.**. p. 21. 

»D Fred H. Monre, inrormal mniiniinicalinn. 

Willard W. Cutler. Jr., “Estiniaiinii of Underground Reserves by Oil-Well Pro- 
durlinn Curves." U. S. Hiir. Mines Bull. 228 (192-1). 
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curve drawn which shows ihe rapid tapering off £rom the high ftush 
production to the more slowly diminishing “settled'* production. By 
means of the many such curves that have been made, covering from 
time of discovery until time of abandonment, it is possible to project 
into the future the curve from a wtII but a few months old and in 
make a fairly reliable estimate of its total yield. The sum of the 
estimates for the wells in a field gives the total eventual production 
of that field. A somewhat less exact procedure is to plot the produc¬ 
tion for an entire field and project it in the same way. 

A third method of using history to calculate reserves is to plot the 
cumulative production against the decline in reservoir pressure and 
then project this “bottom-hole pressure-production curve” into the 
luturc. As discussed in a subsequent paragraph, the pressure decline 
method is an important means of estimating reserves of natural gas. 
It is nowhere near as suitable, however, wdien applied to oil deposits, 
but it does have the advantage over the two other methods based on 
yield to date in that it is applicable to wells ol restricied production 
as well as to those with wide-open How. The lack of accuracy of the 
pressure decline method applied to oil accumulation is based on the 
fact that the bottom hole pressure in an oil reservoir may be only 
to a minor extent due to the volume and compression of the hydro¬ 
carbon in the reservoir. It has already been shown that with a com¬ 
plete natural water drive there is little or no diminution in pressure 
between the time of first production from the reservoir and its com¬ 
plete exhaustion of oil. 

Katz •*- has developed a method of reserve calculation for oil-gas 
mixtures in a closed system in which data on the oil and gas production 
to date and the bottom-hole pressure history are combined with 
information regarding the properties of the oil-gas mixtures. 

The volumetric approach to reserve calculations is as old as the 
exploitation of oil fields. All such methods are fundamentally the 
same, based on calculating the amount of oil in the underground 
reservoir from the degree of saturation of the porous volume of a 
reservoir rock of finite dimensions. The classical formula for deter¬ 
mining the oil that a reservoir can be expected to produce is 
R = FAipsr, in which R is the recoverable oil in barrels, F the factor 

32 D. L. Kaiz, “A Method oF E<iijiiiaiin|T Oil and Gas Reserves," Trans. Am. Insi. 
Min. Met. En^rhieer, Vol. IIH (193G). pp. 18-32. 

33 John F. Dodge, Howard C. Pyle, and Everett G. Trostel, "Estimations by 

VoliimetriL Method of Rcrovcrahle Oil and Gas from Sand," Bull. .4m. Petrol. 

CeoL, Vol. 25 (July, 1941), pp. 1302-1.326; George R. Elliott and VVilliam L. Morris, 
"Oil Recovery Prediction," Oi7 and Gas Jour., Vol. 48 (June 16, 1949), pp. 84 et seq. 
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775B, A the area in acres, and ipsr, respectively, average thickness, 
percentage of porosity, percentage of saturation, and percentage of 
expected recovery. Multiplying the three factors—area, thickness, and 
porosity—together gives the number of acre-feet of void space in the 
reservoir rock in which fluids can be stored. The factor 7758 trans¬ 
forms this volume figure from acre-feet to barrels. The percentage 
of saturation diminishes the barrel volume of potential oil space to 
the extent that water is present with the oil in the rock pores. Because 
it is impossible to recover all the available oil, the last step is to 
multiply the oil in the reservoir by the percentage of recovery expected. 

From drill records and core analyses, it is possible to calculate 
rather closely the area, reservoir thickness, and porosity percentage. 
It was originally thought that oil occupied all the interstitial space, 
which resulted in estimates much too high, both in regard to the oil 
originally present and in regard to that left in the reservoir after 
abandonment of the field. It is now known that oil sands have an 
interstitial water content equal to 10 to 50 per cent or more of the 
volume of pore space. As a general rule, the lower the permeability 
of the reservoir, the higher the percentage of interstitial water. The 
average figure ranges between 50 and 55 |)er cent, and so on the 
average only about two-thirds of the available pore space actually 
contains oil. This imerslitial waicr is commonly referred to as “con¬ 
nate” water, although that terminoh)gy is noi in exact accord with 
the original definition. 'Vhc interstitial waters are present in a thin 
envelope that surrounds the grains; the oil and gas accumulate in 
the voids between the watery envelopes and are therefore not in direct 
contact with the mineral grains of the reservoir rock. If the pores 
are fine, the water envelopes coalesce and no space whatsoever is left 
for the accumulation of hydrocarbons. 

It has become modern practice to examine and treat the cores 
obtained from reservoir rocks, so that a fairly close figure can be ob¬ 
tained for the percentage of oil saturation of the void space. There 
remains only one factor which cannot be closely determined and in 
which differences of opinion can and do produce divergence in ulti¬ 
mate recovery estimates. This is the percentage of oil that can be 
extracted profitably from the reservoir. It is not possible, as already 
pointed out, to forecast the economic situation at 10, 15, or 20 years 
hence. Neither is it possible to forecast the evolution that may take 
place in production techniques. On the other hand, it is possible 

3“* R. J. Schilthiiis, "C'.iiiiii:iic Water in Oil and tins Sands." Tram. Am. Inst. Min. 
Mel. Enf^ineers, Vol. 127 (19-iH). pp. |f|9-2M. 
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to determine the type of reservoir energy ihat is propelling the oil 
from the reservoir into the well and to determine through the experi¬ 
ence of older fields what percentage of oil can be expected with 
modern production methods from reservoirs with that particular type 
of fluid drive. Since it is inevitable, however, that this factor is built 
in part upon personal opinion, divergences of as much as 20 per cent 
in final expected recovery figures may occur. 

Estimation of Gas Reserves.^^ Because gas is a highly compressible 
substance, the extraction of a quantity of gas squeezed into a reservoir 
will result in a measurable drop in ihe reservoir pressure (except in 
the presence of an active water drive), and owing to the approximate 
applicability of Boyle’s law, there is a definite ratio between the amount 
of gas initially in the reservoir, the drop in pressure, and the volume 
of gas removed, lliereforc, unlike oil, it is possible to make an 
estimate of the gas in the reservoir after the drilling of only one well, 
providing that that well has produced enough gas to make a measur¬ 
able decline in the reservoir pressure. The formula used is 


^ (Pid, - 

“ - P2d2) 

111 this formula R is the available gas reserve, Q is the amoiint of 
jnoduction between discovery and date of appraisal, is the reservoir 
pressure at time of discovery, is the reservoir pressure at time 
of appraisal, P-^ is the pressure at w'hich abandonment is scheduled, 
and rij, and are deviation factors at pressures P,, P^, and P.^. 
Since natural gases do not behave exactly according to Boyle’s law, 
it is necessary, for very accurate estimates, to apply deviation factors. 
These are obtained from published formulas or tables. 

Natural gas reserves can also be calculated by decline curve and 
by volumetric methods. A common volumetric formula obtains the 
cubic feet of gas per acre-foot at base temperature and pressure by 
multiplying together six factors: (1) 43,.56(), the number of cubic feet 

■‘f'I*. McDonaltl Biilflison, “Kstimatiun of Naliiral Gas Rcvscrvi’s," Gfinlofry of Nat¬ 
ural Gas, Am. As.soc. reliol. Ge«l.. 19.S5, pp. 10.V)-10ri2; F. 11. Fifriiik, C. R. Sand¬ 
berg, and T. A Pollard, “Application of Comprcssihililv Faclors in the Estimation 
ol Ga.s Reservc.s,” Oil and Gas Jour., Vol. AJ fMarch 3, 1949), pp. 89-91; John C. 
Calhoun, Jr., '‘£.stimatin^ Gas Reserves," Oil and Gas Jour., Vol. 47 fDec. 9, 1948), 
p. 11.5; Henry J. Gruy and Jack A. Crichton, “A Critical Review of Methods Used 
in Estimation of Gas Reserves,” Pelrolrum DnvKlopmenl atid Technology, 1949 
(Am. Inst. Min. Mel. Engineers), Vol. 179, pp. 249-263. 

■''■'I D. 1.. Katz, “High Pressure Gas Measurement,” Part 2, “A Suggested Standard 
Method for Calculation of High Pressure Gas Measurement," Refiner and Natural 
Gasoline Manufacturer (June, 1942), pp. 64-69. 
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per acre foot; (2) porosity percentage; (3) percentage ol available void 
space, obtained by subtracting the interstitial water percentage from 
100; (4) reservoir pressure, in pounds per square inch, divided by the 
base pressure used, which is ordinarily some figure between 14.4 and 
lfi.7 pounds per square inch; (5) 4fi0 plus the base temperature 
(ordinarily G0° F.) divided by 4fi0 plus the reservoir temperature in 
degrees F.; (6) l/Z, where Z is the compressibility factor at reservoir 
pressure. This can be determined by laboratory measurements or 
estimated from published curves. Fhe concluding siep is to multiply 
the figure obtained through the application of this formula by the 
area of the gas accumulation in acres and by the average thickness 
of the reservoir in feet. The accuracy of the final result depends 
largely upon the accuracy of these dimension figures, especially the 
average thickness estimate. 
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PHYSICAL AND CHEMICAL 
PROPERTIES OF OIL 
AND GAS 

PHYSICAL AND CHEMICAL PROPERTIES OF PETROLEUM 

AT THE SURFACE.^ The geologist, in his se^irch lor new deposits 
of petroleiiin and natural gas, need not be an organic chemist. Never¬ 
theless, some of the physical and chemical properties f)f the natural 
hydrocarbons do concern him. An elementary knowledge of the chem¬ 
istry of petroleum is necessary for proper recognition and evaluation 
of seeps, for an adecjuate understanding and interpretation of the 
natural history of oil, and for an intelligent study of the underground 
movement of oil once it has been formed. Furthermore, the market 
value of the oil or gas discovered is dependent upon its chemical con¬ 
stitution. and the economic geologist can never afford to lose sight 
of the marketability of his wares. 

rhe iiatural occurring hydrocarbons fall iutp three main groups: 
lic|uids, gases, and solids. 'Flie lic|uid hydnicarbohs are“ ihe most 
abundant in the earth’s mist, the gaseous hydrocarbons rank second, 
and the solid hydrocarbons third. The liquid hydrocarbons, however, 
invariably contain in solution both gaseous and solid hydrocarbons. 

Liquid HydrcH:arbon5. Petroleum, or “rock oil,” is the name 
applied to the liquid hydrocarbons occurring in the earth's crust. 
Petroleum is, a mix£wre of varying proportions of different chemical 
coynpnynds. For this reason, the properties of each crudiTp il depe nd 
upon the nature and the amount of the different compounds present. 

1 Stewart T. ColL'nian, "IMiy.sir;:il anil Chemical Properties of Petroleum and Its 
Prmliirls," EJem^nis of the Petroleum Industry (Am. Inst. Min. Met. Engineers, 
IfltO), pp. 4-20; Science of Petroleum (Oxford IJniv. Press, 1938), Vol. 2: E. DeGolyer 
and Harold Vance, ‘‘Bibliography of the Petroleum Industry,” Hull. A. and M. Coll. 
Texas, 83 (1944), pp. 137-144. 
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Ainon^ the physical properties of the liquid hydrocarbons, the one 
most often referred to is the Density may be 

calculated as specific gravity with unity represented by water. With 
most liquids, however, it is common to describe the density in terms 
□f degrees Baunie. By this method of calculation, water has a gravity 
of 10, numbers lower than 10 being used for the gravity of substances 
heavier than water and nunibcrs above 10 for lighter substances. I'he 
common scale in the petroleum industry is the API (American 
Petroleum Institute) scale, in which the specific gravity is equal to 
the fraction 141.5 (degrees Baume + 131.5). 

The gravity of crude oil from different fields ranges from less than 
10° to as high as 00° and even higher. An oil below 10 in the Baume 
scale is, however, still lighter than the water with w^hich it is associ¬ 
ated. Only pure water has a gravity of 10°; the highly mineralized 
water with which most oils arc associated is considerably heavier. As 
a general rule, the higher-gravity oils contain a higher than average 
jjercentage of the profitaljle gasoline hydrocarbons and a lower per¬ 
centage of deleterious rompoiinds which increase refining expense. 
For this reason, much crude oil is priced on a gravity basis. The 
gravity of the oil may even determine whether a wildcat well of low^ 
capacity has discovered a new field or will have to be plugged and 
abandoned because of the iinjjrofitablc character of the oil discovered. 

Petroleums vary from colorless to black. The valuable Pennsylvania 
oil noted for its high yield of premium lubricating fractions is amber 
in color. Medium-gravity oils such as those of the Mid-Coniinent are 
predominantly green, and heavy oils are commonly black. The color 
of crude oil ajjpears to dejjend upon the presence of unsaturated 
hydrocarbons and of hydrocarbons that contain nitrogen, oxygen, or 
sulfur in addition to the hydrogen and carbon. As a general rule, 
the lighter the oil in color, the higher its gravity and the greater its 
value. 

The odor of criulej jil depends upon the iharai t er and t he volatili ty 
of CTijETijdrocarbons wTtlT Tri the mix ture. Some crude oifhas a de¬ 
cidedly aromatic ocTor owing to predominance of the aromatic group 
of hydrocarbons. High-sulfur crudes may have the odor of hydrogen 
sullide. On the other hand, light crude oils may have a very notice¬ 
able gasoline odor due to the escape from the mixture of this highly 
volatile material. 

or res ista n ce to flow, is jrieasured by the time taken for a 
gived efuantity o f oil to flow through a slnall openi ng. Some oils a're 
so viscous at ordinary temperatures that they must be heated before 
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they can be pumped. On the other hand, some oils that are so li^ht 
at ordinary temperatures that they are only slightly more viscous than 
water become highly viscous during the winter because of the congeal¬ 
ing of dissolved wax. 

The v olatility of crude oil is depende nt upon the boi l ing points of 
the v ariou s cdmpoiinilr'pYeseht in the mixture. One common con¬ 
stituent, methane, i'a^'a boiling poiofTT*^ 164° C., whereas the boil¬ 
ing points for some of the paraffin compounds arc too high to be 
measured by usual procedures. Inasmuch as petroleum is alw^ays at 
a temperature above the boiling points of some of its hydrocarbons, 
the more volatile compounds are continuously exerting pressure and 
lend to escape unless the oil is in a completely sealed unit. Under such 
circumstances, it is obviously impossible to refer to a single boiling 
point for any crude oil. Neither is it possible to refer to a freezing 
point for petroleum. The hydrocarbons present tend to solidify sep¬ 
arately at different temperatures. The viscosity increases with lower 
temperatures until it can no longer be measured and the oil is in a 
“plastic solid” state, but if the cooling is continued, a truly solid state 
is finally reached. 

The geologist is interested in the surface ierisian and capillary force 
of petroleum because these physical properties ])lay a role both in 
the migration of oil through the rocks of the earth’s crust and in the 
permanent retention of some oil in considerable volume in the under- 
grr)und reservoir in spite of most efficient processes of exploitation. 
The surface tensions of petroleums in buried reservoirs are extremely 
low. Water has greater capillary force than oil; conseijuently this 
fluid may be expected to draw itself into the finest jjorc spaces of the 
rock and to force the oil into the larger pores. 

The che mical properties of crude oils are of greater importance to 
the refiner than to the geologist, but, because the eventual worth of 
the oil is dependent upon its chemical characteristics, the geologist 
also is interested in this subject. The most prominent chemical iirou p 
i n crude oil is. of course, the hydroi^arbon grou p. Within it are a 
number of subgroups and a large number of individual compounds. 
Not all these compounds are liquids; both solid and gaseous hydro¬ 
carbons occur in solution in the liquid hydrocarbons. Tl^e gaseous 
and the lighter liquid hydrocarbons are the simplest in their chemical 
c ompos ition, cTintaimng lelaiively few caiUon dioThs. THese~orii-. 
p ounils are easily sepa rated from the crude oil, an^ their physical and 
cliemical propertiesTaiT'be studieTlh the^ laboratory The heavier 
hydrocarbons, however, are much less stable and tend to decompose 
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when the o il is heated. Consequently,. it is virtually impossible to 
analyze any crude oil in terms of its original compounds except for 
the lightest hydrocarbons. 

In addition to the pure hydrocarbons, there are also compounds 
of hydrogen and carbon with sulfur, oxygen, or nitrogen. The sulfur¬ 
bearing hydrocarbons are the most prominent, and they preseiut a 
serious problem to the refiner. •/These sulfur compounds are heavy, 
so only the heavier crude oils contain them, and conversely most of 
the heavy crudes have a relatively high sulfur content."^ However, 
hydrogen sulfide can be present w^ithout making the petroleum appre¬ 
ciably heavier. <rhe less abundant oxygen-bearing hydrocarbons also 
increase the density of the crude oil that contains them."' Nitrogen¬ 
hearing hydrocarbons are relaiively insignificant. Analyses of pe¬ 
troleum coke, a solid residue obtained in refining oil, have shown 
the presence in small but consistent amounts of the elements nickel, 
vanadium, and phosphorus. 

No discussion of crude oil composition, however brief, would be 
rtimplete without mention of the base . It is common tf) refer to an 
oil as having a paraffin base, a naphthenic r)r asphalt base, or a mixed 
base. A.paraffinic oil has a relatively high hydrogen content in rela¬ 
tion to the carbon; the reverse is true of a naphthenic oil. Typical of 
the paraffinic-base oils are those obtained from the state of Pennsyl¬ 
vania; Oalifornia and the Gulf Coast arc sources of naphthenic-base 
oils. Mixed-base crude oils are found in many ])lares. As a general 
rule. thej»nr^ily,joI the oiLijiiLi^UXjd.xluiLiiilhejiau nre of its base.^Tlie 
paraffinoils arc generally of low density and are high in gasoline and 
kere^ "A'^raTKn waxTorpeti^atum,"i r " Ol>t;iiii e ti i TTrefi niiig th is 
oil. The najiTTlTienl^^on heavier in weight and contain 

re lativel y miichTt’ss gasoline and keroscne.7 I h^ do, Iiowever, contai n 
a large percenTagg TSfT fiScou O hibncg ujng oi ls. The decom¬ 

position of the liijuid constituents of the naphthenic-base oils during 
distillation jnoduces a semi-solid or solid asphaltic residue during the 
refining process. 

In addition to Pennsylvania and other parts of the Appalachian 
region, paraffin-base crudes are found in Michigan and in parts of 
northern Louisiana and southern Arkansas. Elsew^here, crude oils of 
this type have been found in Peru and the Argentine, as well as in the 
Near East, especially in Iran and Iraq. The Dutch East Indies has 
also produced some paraffin-base crude, as well as great quantities of 
naphthenic petroleums. The latter is the principal type of crude oil 
produced in Venezuela and Colombia. Mixed-base crude oils are 
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called the Mid-Continent type because of their prevalence in Illinois, 
Kansas, Oklahoma, and in Texas outside of the Gulf Coast. Mexico 
produces both naphthenic- and mixed-base petroleums, and the same 
is true in Rumania. Deeper drilling into older formations in all parts 
of the world has resulted in the discovery of crude oils that are lighter 
in weight and more paraffinic in base than those found in shallower 
formations, and so it is becoming much less practicable to classify 
crude oils Kographically. 

Gases. The physical properties of a natural gas include color, odor, 
and innammabilily. “The principal ingredient of most natural gases 
is methane, CJi 4 , which is colorless, odorless, and highly inllammable. 
The variety of substances present in natural gas is much less than in 
crude oil. However, in addition to methane, ethane, propane, and 
other hydrocarbon gases, carbon dioxide, hydrogen suinde, nitrogen, 
and inert gases, especially helium, have been found in natural gas in 
various Fields about the globe. Some of these impurities, especially 
hydrogen sulfide, have a distinct and penetrating odor, and a few 
parts per million are sufficient to give the natural gas a decided odor.*^ 
v^'itrogen and helium are not inflammable, and where one or both of 
these elements are present in abundance the natural gas will not 
burn.^ 

•^Gasoline in vajior forni is present in most natural gas and is ex¬ 
tracted and sold as natural gas gasoline (or simply natural gasoline). ^ 
This product was formerly referred to as casinghead gasoline, and the 
term is still used to some extent. 

.Solids, "^he solid hydrocarbons may be subdivided into four main 
groups: petroleum bitumens, pyrobitumens, disseminated bitumens, 
and oxygen-bearing bitumens.• I’he petroleum bitumens can be sub¬ 
divided into the asjihaftic bit umens a nd the mineral wai^s. Examples 
of asphaltic bitumens include highly viscous liquids, such as the brea 
deposits in California wdiich ensnared many types of animals (some 
of them now extinct), and natural a.sphalt, which occurs on the island 
of Trinidad and elsewhere in ponds and lakes. The vein asphalts, 
such as gilsonite, instead of occurring in surface accumuIatToh'ffTtr 
\found in tabular bodies filling pre-existing cracks in the rocks at or 
i^ar the surface.“^The so-called rock asphalts are limestone and sand¬ 
stones impregnated by asphaltic material which no doubt was originally 
liquid petroleum^Mineral waxes include ozokerite and other natural 
paraffins^ 

^The pyrobitumens are similar in physical and chemical proper¬ 
ties to the petroleum bitumens, but their probable derivation from 
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petroleum cannot be as readily dcmonstrated> S ome of thg. pyro^ i- 
t umen s, such as albertite, wurtzilite, and elaterite, occur in veins 
sinnlit. to gilsonite and other asphakites. Ot her pyrobitumen s are 
dissemina jed in rocks like l3riiiminous"srhists and marbles. Kerogen , 
n r oil it; a disseminated bitumen. I'his rock yields a petroleum¬ 

like substance upon distillation. However, the transformation from 
solid to liquid takes place only under the influence of heat, and 
repeated tests have failed to show the presence of any oil which can be 
obtained by solvents or by squeezing the so-called oil shale. Every 
gradation is possible between a kerogen, or oil shale, and a cannel 
toal. In both materials, the predominant organic substances present 
are the spores and pollen of plants. 
include resm, peat, and coal. 

NATURE OT PETO^^ IN ITS UNDERGROUND RES¬ 

ERVOIR. Crude oil underground is invariably under a pressure 
varying from several hundred to several thousand pounds per square 
inch, depending mainly upon depth. Under such pressures, the oil 
can and does contain in solution a considerable quantity of gas. As 
the oil is produced and rises from reservoir to surfate, and while it is 
in storage at the surface, much of this gas escapes from solution with 
the result that the oil has niiuh less mobility at the surface than it 
had when it was under high pressure in ihe reservoir rock. The dis¬ 
solved gas not only makes the crude oil lighter in density but also 
considerably increases its liquidity. Crude oil with its dissolved gas 
is sj)oken of as “live” oil; after the greater part of the gas escapes it 
is “dead” oil. 

Of equal importance to the mobility of oil underground is the effect 
of higher earth temperaturej^^ Although there is considerable variation 
from one place to another, the general average increment in tempera¬ 
ture is 1 ° F. for every 60 feet of additional depth^ In other words, if 
the reservoir is at a depth of 6000 feet, the oil will be at a temperature 
approximately 100° above the average temperature at the surface. It 
is a commonly observed fact that warm oil has much less viscosity than 
the same oil at a lower temperature; therefore, oil in the reservoir 
must have far greater liquidity than oil examined under room tem¬ 
peratures at the surface. *^Since the liquidity of water also increases 
with higher temperatures, the “flowability” of both these liquids is 
higher the deeper the reservoir rock."*^ 

Much of the earlier experimentation in migration of oil that was 
carried on in various laboratories did not take into account the vastly 
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greater mobility due to higher temperature and dissolved gas, and so 
the results obtained are of little or no value in studying the probable 
movement of oil underground. Only by simulating as nearly as pos¬ 
sible all the environmental Goiulitions (including the wetting effect of 
interstitial water) can experimental studies of oil migration be of 
other than questionable value. 



Chapter 5 


ORIGIN AND EVOLUTION 
OF OIL AND GAS' 


I'etrolcuin |reol()gist.s have written more nn the origin of petroleum 
Lhiin on any other jiubjcct.- Speculation in this field was initiated 
in the ISOO’s, and the problem of origin is still with us. “Each year 
the crop of new papers adds to the Tearsome pile threatening to bury 
the subject by the very dead weight of diversified opinion, and the 
earnest student, anxiously searching for enlightenment, gets lost in 
the maze of conflicting opinions.” ^ This prodigious amount of re¬ 
search and discussion has not, however, been entirely in vain. Many 
theories have been tested and found wanting. Although many more 
theories have appeared to replace those discarded, it is but a matter 
of lime before these too are tested and the inadequate ones rejected 
until a fairly clear picture is obtained of the origin and evolution of 
oil and gas. 

Investigation of petroleum genesis is not purely academic exercise. 
When we can determine exactly under w^hat conditions commercial 
deposits of oil are formed and the date of their formation, we can 
confine tmr explorations for oil to (1) places that meet those condi- 

1 Williiim IV Hcroy, jr.. “Peoulcum fieolog),” Grtd. Sor. .-hn. 50lh Annn>ersaiy 
I’ffl. (lyll), |jp. rilS-ZilH; W C. tiling, "Origin of rulruleiiin,” Science of Petroleum 
(OxI'iiril llniv. Piuss, IllSH), Vol. 1. pp. 32-3K: U. .S. ('.col. Siiivcy, "Geology ami Oc- 
riirrenrcs of Pl'IioIcuiii in llic Uniicil Slates," Petroleum Investigation, Hearings, 
73il Congress, H,R. Ill (1934), pp. 8.9ri-910: E. Dctmlyer ami Harold Vance, 
“PeU'olciiiii Rililiograpliy, Hull. A. and M. Coll. 7'exas, H3 (1914), pp. 330-33H: 
A. (V Skelioii anil M. Skelloii, "A Selericd Hildiography of ilic Theories of the 
Origin of Peirolciiin,” Olila. Geol. Siin/ey, dMineral liepl. 7 (1942); G. D. Hobson, 
"Peirnleiiiii (ienlogy," Revieie of Petroleum Technology (Insi. Petrol., London, 1947), 
Vol. 7, pp. 1-16. 

- (V M. Knehcl, "Progress Report of .API Research Project 43, The Traiisforma- 
lion of Organic Material into Petrolciini,” Bull. Am. Assoc. Petrol. Geol., Vol. 30 
(November, 1946), p. 1945. 

ay. C. Illiiig, ‘Cieology of Petroleum," Jour. Inst. Petrol. Technologists, Vol. 21 
(1935), p. 491. 
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Lions, and (2) to traps” of oil that have been in existence at the proper 
time.* 

PROBLEMS AND STAGES IN THE NATURAL HISTORY OF 
AN OIL DEPOSIT, The problems in deciphering the evolution of 
an oil field from source material to commercial accumulation in the 
earth’s crust, and the stages involved in that evolution, are several. 
The more important ones are: 

1. The source of the elements (hydrogen and carbon). 

2. The accumulation of the source materials. 

3. The burial of the source materials. 

1. The transforiiiation from solid to liquid (or gas). 

5. Mctaniorphisin of liquid. 

6. Migration of liquid. 

7. Entrapment of liquid. 

'] hese seven tojnes cannot be given in their exact chronolr)gical 
order, for some overlap may occur between stages, nietaniorphisni of 
petroleum may take place before, during, or after migration, and no 
one knows for sure just when the transformatir)n from solid to liquid 
does take place. 

J he first five of the items listed above are included in this section 
on the origin and evolution of oil and gas. 7'he migration and en¬ 
trapment stages are discussed separately in subsequent chapters. 

SOURCE OF HYDROGEN AND CARBON 

There can be but little doubt that the carbon and hydrogen in 
petroleum and natural gas were, in their initial stages, like everything 
else on this earth, in solution in hot liquid rock or magma. I'he 
question here is whether or not these elements, originally inorganic, 
were removed by plant or animal before conversion into petroleum. 
In other words, did the carbon and hydrogen pass through an 
organic phase in the natural history of crude oil? Four lines of 
evidence should be examined before reaching a conclusion on this 
subject: (1) experimental data; (2) testimony furnished by the oil (or 
gas) itself; (3) testimony of associated rocks; and (4) miscellaneous 
observations. 

* Hiirold W. Houts, "Origin, Migralinn 'and Acciinuilalinn of Oil in ralirnniia," 
Calif. Div. Mines Bull., 118 (Augusl, 1941), p. 259. 

V. W. Clarke, "Data of Geucheiiiistry,’' U. S. Geol. Survey Bull. 770 (1924), pp. 
741-755. 
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EXPERIMENTAL DATA. It has been frequently demonstrated 
in the chemical laboratory that hydrocarbons may be obtained from 
(1) carbon dioxide, free alkali metal, and water; (2) metallic carbides 
and water; (3) mf)dern organic materials, both animal and vegetable; 
and (4) ancient accumulations of organic debris, such as coals and 
organic shales. Hie carbon dioxide, alkali, and water method w'as 
first demonstrated by Berthelot in 1866. Mendeleef is credited with 
olitaining hydrocarbons from water and carbides in 1877. Since then 
both these syntheses have been repeated many times. Hiese are the 
two principal methods of obtaining hydrocarbons frtim inorganic 
materials. It should be noted that both procedures require substances 
(free alkali metal and metallic carbides) that are unknown or at least 
as yet undiscovered in nature. On the other hand, hydrocarbon- 
containing substances have been and are being obtained commercially 
from both modern and ancient accumulations of organic materials. 
Examples are whale oil, fish oil, palm oil, shale oil, and coal oil. The 
last term, coal oil, is used in its original sense to describe an oil 
obtained from coal by distillation. 

TESTIMONY OF OIL AND GAS. Chemical analyses of oil and 
gas and optical studies of f)il have yielded considerable information, 
some of which apjiears to have a bearing on the origin of oil. A few 
natural gases contain helium, a product of radioactive disintegration. 
It is easier to explain this element as a wanderer from disintegrating 
radioaitivc minerals in the underlying crystalline basement rocks, 
caught in the same trap Avith natural gas, than to tie its occurrence in 
with any organic cycle. On the other hand, the presence of nickel 
and vanadium in some petroleum cokes can probably be best explained 
by an organic background, for analyses of the ashes left after some 
types of plants have been burned show the presence of these metals. 
Such plants appear to remove the metals from the surrounding soil, 
thereby concen(rating them. Other indications of plant origin include 
the presence of nitrogen compounds in some oils and the optical 
activity of j^etroleum hydrocarbons. 

Sanders “ and Waldschmidt ^ have described such microscopic objects 
as Foraminifera, diatoms, plant remains, insect scales, and spines, as 
well as fragments of other materials, present in crude oils. These 
discoveries may or may not be significant in terms of the origin of 

n J. McConnell Sanders, “7'hc Microscopical Exaiiiinaiion of Crude Pelroleum," 
Jnur. lust. Prtrol. TcchtwtofrisLs, \’ol. 23 (1937), pp. ri2r»-.'’i73. 

" W. A. WaldM:liiiiidi, Progress Rcporl on Mirrosi;o|)ic FAaiiiinaLinii of Permian 
Crude Oils, Pnifpmn 26th Annua! Convetition, Am. Assoc. Petrol. Geol. (1941), 
p. 23. 



Miscellaneous Observations 


133 


oil. It may be that the petroleum in the course of its travels throuf^h 
sedimentary rocks rich in organic materials picked up the microscopic 
objects. Of perhaps greater importance is the presence of porphyrin 
pigments in crude nils.^ According to Sheppard,“ "This is convincing 
evidence for the animal and vegetable origins of petroleum.” 

TESTIMONY OF ASSOCIATED ROCKS. The geological asso 
ciations of oil and gas have led practically all geologists to reject the 
inorganic theories as entirely inadequate. Over 99 per cent of the 
world’s oil and gas so far produced has come from sedimentairy rocks. 
Furthermore, in every oil-producing region the sedlmriitary rock sec¬ 
tion includes beds which either contain or have contained considerable 
organic material. In fact, Heald expresses the belie! that the dis¬ 
tribution of oil within the sedimentary series is dependent upon the 
localization of source material within the rock column. It is his belief 
that the oil occurring in the beds lying above and below widespread 
water-bearing rocks must have had its source in that interior zone. 

One would expect the crystalline rocks, where porosity exists, to 
contain more oil than the sedimentary rocks if the source of the oil 
is inorganic. As a matter of fact, there are instances of oil occurring 
in commercial quantities in crystalline rocks. "More than 15 million 
barrels of oil have been produced from igneous and metamorphic 
rocks; one gas held produces from a basalt flow; and millions of tons 
of asphalt . . . are known in serpentine in one area. . . .” “ Many 
other examples could be cited,'^ but in every instance organic sedi¬ 
mentary rocks which could have been the source of the bituminous 
material occur near by and, frequently, at a lower elevation. 

MISCELLANEOUS OBSERVATIONS. It was slated earlier that 
hydrogen and carbon arc initially magmatic elements; it can be further 

8 A. Treibs. “Chlorophyll- mill HainiiiilErivalc in orfraiiischcn Mineialsiofrcn," 
Angew. Chmi., Vril. 4U (193fi), pp. G82-6H6. Qiiolcrl by C. W. Sheppard, “Radio¬ 
activity and PcMrok’Uin Cicnesis," Ilcsf'urch on Occurrence and Recovery of Petro¬ 
leum (Am. Petrol. Inst., p. 113. 

0 Op. cit. 

ID K. C. Heald, “F's.sentials For Oil Pools,” Elements of the Petroleum Industry 
(Am. Inst. Min. Met. Kiif>ineer.s, 1010), p. 26. 

11 Sidney Powers and V. G. C^app, "Nature and Origin of Occurrences of Oil, 
Gas and llitumen in If^neous and Metamorphic Rocks," Bull. Am. Assoc. Petrol. 
Geul., Vol. 16 (Aii^«ust. 1.9.32), p. 719. 

12 Sidney Powers et al., “.Symposium on the Occurrence of Petroleum in Ij^iicous 
and Metamorphic Rocks," Bull. Am. As.wc. Petrol. GeoL, Vol. 16 (Aufrust, 1932): 
V. M. Van Tuyl and Hen H. Parker, "The Time and Origin of Petroleum," Qi/flr- 
terly Colo. School of Mines, \'ol. 36, No. 2 (April, 1911), pp. 145-146; John H. Beach 
and Arthur S. Huey, "Geology of nascmetiL Comjilex, Edison Field, California," 
Program Annual Meeting, Am. Assoc. Petrol. Geol. (Los Angeles, Calif., 1947), p. 26. 
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stated that it is priibable that the two can and do appear combined 
in the form of magmatic hydrocarbons, but not in the quantity ap¬ 
proaching that needed for commercial exploitation. Black, pitchy 
hydrocarbons have been found in pegmatites under conditions that 
are hard to explain in any other way than as truly magmatic. Methane, 
CH 4 , the most stable hydrocarbon, has been found in volcanic gas. 
Spectrographic studies by astronomers have shown the presence of this 
hydrocarbon in the atmospheres of the larger planets. 

It is also true that the earth does have a heavy center, but studies 
of the earth’s TTiagnetisni and of meteorites lead us to believe that this 
higher specific gravity is due to the concentration of iron and nickel 
in the core of the earth rather than a free alkali metal or iron carbide. 
Furthermore, the rock pressures arc of such magnitude beltiw the 
earth's crust that permeability disappears with depth. For this reason, 
it is impossible tf) visuali/c any transfer of materials between the 
earth’s center and the upper parts of the earth’s crust. 

It .should be pointed out that hydrocarbons can be and are produced 
by normal life processes on the surface of the earth. “The literature 
contains ample evidence I hat ])lants of many kinds produce small, but 
significant, quantities of hydrocarbons of the paralhn series.’’ Recent 
studies liave shown that modern coral reefs contain a waxy substance 
which constitutes abtmt per cent of the coral and which “consists 
largely of hydrocarbons ami complex alcohols, chemicals similar to 
those in peiroleuni.’’ 

CONCLUSIONS. To a geologist the conclusion is inescapable that 
the petroleum hydrocarbons passed through an organic stage. Tliat 
the literature on the inorganic origin of petroleum has grown to such 
j^roportions is apparently due to the failure of geologists to emphasize 
to the lay public the geological environment of petroleum and to the 
ignoring by the chemists of this geological environment. “If ... it 
liad been laid down, as it might have been, that no theory on the origin 
of petroleum was admissible unless it explained the close association 
between oil and sediments most of the chemical theories on its origin 
would not have been put forward.” 

13 C. F.. Vm\ Orslrnnd, “Co.siiiic Ori|^iii of Oil and Oas,” World Oil, \'ol. 12H 
(Ndvcinlier, 1*148), iip. 1.50-158. 

!•* F. C. Whitmore, Review of API Research Projecl Research on Ocenrrenre 
and Recovery of Petroleum (Am. Petrol, hisl., 15143), p. 121. 

13 Werner ner^mami, "Coral Reefs May Add lo Peiroleiiin Supply Some Day," 
.S'n'piirr iVni’.? Letter (Ocl. 30, 1!M8V p. 281. 

iny. C. Illiiif;. "ficology .Applied Id Pclrolciim," Oil Weekly, Vol. 122 (July 15. 
1946), p. 36. 
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POSSIBLE SOURCE ORGANISMS 

It is not possible to name, with any Lertainty, the particular organ¬ 
isms that produce the oil in any given oil reservoir. We do know that 
there are many types of animal and vegetable life i:a|)able of yielding 
oil under the proper conditions. However, between the time of the 
death of the organism and its transformation to oil many changes take 
place, during which the organic material tends to lose its idemity. 

Although many types of animals and plants from highest to lowest 
are capable of producing oil, we are able by following two lines of 
reasoning to eliminate some rather broad classes from serious consid¬ 
eration. One of these directions of reasoning involves the timing 
factor. It is obviously impossible for ancient oils to have been derived 
from modern organisms. '‘Inasmuch as petroleum is lound in rocks 
that were formed millions of years before there were such complex 
forms of life as trees, land animals, or even fishes, it is apparent that 
very simple forms of life sufficed to provide niaterials which might be 
transformed into petroleum. . . Another logical factor for con¬ 

sideration is that of opportunities for survival. If an organism lived 
under such environmental conditions that the chances of its existing 
long enough after death to become buried in sediineni are very slight, 
then the chances of that organism’s being source material for pe- 
iroleuiTi are also very slight. 

These limitations immediately rule out land plants and animals 
lioiii further consideration. Most of them did not cxlsraf t^^^ time 
the Ordovician oil, for example, was formed. For organisms raised 
on the land, the chances of escaping destruction by piitrefaiiion or 
ilevourment by scavengers are very slight. Possible exceptions are land 
organisms that can be readily transported by wind, like spores, pollen, 
and leaves. If these materials settle into bodies of water, they may 
join the muck on the sea or lake floor and thus become preserved. 

Marine life, except the vertebrates, was abundant and fairly well 
advanced by early Paleozoic time, and it is in these phyla that we 
suspect the greater part of the source organisms of petroleum belong. 

The onc-celled plants and animals, such as the Algae, diatoms, and 
Foraniinifera, w^ere abundant in the seas from the earliest Paleozoic to 
the present and could have contributed to the oil deposits of all ages. 
The more advanced types of marine life, besides being less abundant 

17 F. C. Whitmore, Review of API Research Project 43B, Research on Occurrence 
and Recovery of Petroleum (Am. Petrol. Inst., 1943). 
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in the more remote geologic periods, also had lesser opportunity for 
survival because of the presence and vigor of sea-floor scavengers. It 
is diflicult to visualize the accumulation of the soft body parts of fish 
(fairly common from the Devonian on), shellfish, or even corals in 
enough abundance on the sea floor to provide a quantitatively suffi¬ 
cient source of oil. Furthermore, some of the simpler types of marine 
organisms, such as kelp, produce hydrocarbons during their life proc^ 
esses,so the problem of the generation of petroleum is much simpler 
for organisms of this kind. Jn any event, as pointed out by Trask,^® 
the original organism may become entombed in the sediments, but the 
chances are greater that it will be devoured or decomposed by other 
organisms so that it loses its identity and joins the sea-floor muck as a 
part of the “waste products of the biota inhabiting the environment in 
which the source beds accumulate." 

Jt has long been the custom to ascribe differences in petroleums to 
differences in the relative abundance of the various types of source 
organisms. For example, Taff, in an article on California, states: 
“The oil derived from the foraminiferal animal life in prevailing 
quantity produces a naphthene oil containing little or no tar with 
more or less wax or paraffin. The oils having their origin in a pre- 
vailitig abundance of diatomaceous or plant life produce a naphthene 
oil having a tar base and generally free from wax or paraffin." 

Reger, on the other hand, ascribes the high-gravity paraffin-base 
oils of the Appalachian province to a vegetable origin and storage in 
sandstone reservoirs. The oil of animal origin, stored in limestone 
reservoirs, is of lower quality, with tendency toward asphaltic base. 
These conclusions are exactly opposite to those drawn by 7'afl. The 
conditions are hardly comparable, however, because Reger is dealing 
with Paleozoic plants and animals, and Tall with organisms of Tertiary 
age. 

Although very likely it imist be admitted that young oils owe much 
of their differences in chemical composition and physical properties 
to diflerences in the predominant type of source material, it is also 
probable that diflerences in nature of mature oils are due more to 

r. C. Whiimoi c, op. cit. 

.1” ]*:irkcr D. I'rask et al., Orifrin and Environment of Source Sedimen/s of 7V- 
troleuni (Gulf Puhlisliinfr Cn., Hiiiision, Texas. 1932), p. 23-t. 

Joseph A. Tall, "PhysiLal ri opertics of PeLioleiim in California/' Prob/ems of 
Petroleum Geolo^' (Am. Assoc. Petrol. Gcol., 19.31), p. 177. 

21 David B. Reger. "Craviiy of Oils in the Appalachian Province," Problems of 
Petroleum Geology (Am. Assoc. Petrol. Gcol., 193-1), p. 107. 
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time and environment than to initial differences in source material 
In other words, two oils from widely dissimilar source materials, hav¬ 
ing similar post-generation histories, would tend to become similar in 
nature. 

TIME OF OIL GENERATION 

The student of petroleum genesis finds himself dealing with at least 
five different ages: (1) the age of the source materials; (2) the age of 
the oil itself; (3) the age of the trap in which the oil accumulates; 
(d) the age of the actual accumulation; and (5) the age of the reservoir 
rock. We know least about the first four of these ages, and yet they 
arc of the utmost importance in oil-finding. Ordinarily the age of the 
producing formation is known, and for the sake of convenience that 
date is commonly accepted for the oil itself, but actually there is not 
much justification for this practice. 

The following paragraphs i ontain a discussion of the times at which 
conversion from solid organic matter to liquid petroleum may take 
place; the other four ages are considered in subsequent sections. 

Geologists differ widely in their opinions regarding time of con¬ 
version. At one extreme are those who believe that oil is formed 
while the organic debris is accumulating on the sea floor. This is 
the syngenetic (“born with”) theory. Next are those who believe that 
oil is epigenetic, formed later than the enclosing sediments but before 
lithifaction took place. Last is the post-lithifaction school, some mem¬ 
bers of which believe that oil is being formed in buried rock strata 
today. 

The possible causes of transformation will be considered later; only 
the dating of the oil generation will be discussed in this section. 

SYNGENETIC OIL. If oil is syngenetic with the sediments, the 
liquid hydrocarbons must have been formed (or have been already 
present while the sediments were accumulating on the sea floor. 
It can be readily demonstrated by experimental methods that pe¬ 
troleum dispersed through fine sediment will be both carried to the 
sea floor and retained there by that associated sediment.^'' There are 

22 This conclusion is contrary to that reached by L. C. .Snider, “Current Ideas 
Regarding Source Beds,” Problems of Petroleum Geology (Am, Assoc. Petrol. 
Geol., 1934), p. 63. 

23 Werner Bcrgmann, "Coral Reels May Add to Petroleum Supply Some Day." 
Science News Letter (Oct. 30, 194S). 

24 F. M. Van Tuyl and Ben H. Parker, "The Time of Origin and Accumulation 
of Petroleum," Quarterly, Colo. School of Mines, Vol. 36, No. 2 (April, 1941), p. 134, 
includes reference lo: (1) Murray Stuart, “Sedimentary Deposition of Oil,” Indian 
Geol. Survey Records, Vol. 40 (1910), pp. 320-333; and (2) F. M. Van Tuyl and 



138 Origin and Evolution 

also some observational records of the cHxiirrence of petroleum hydro¬ 
carbons in sediments accumulating on the sea floor. Van Tuyl and 
Parker describe numerous instances in which both liquid hydro¬ 
carbons and solid bitumens have been observed in recent and modern 
sediments. Unfortunately, the bituminous material has not been 
analyzed chemically in nujst of the cases ribservcd and so we cannot 
be sure that the oily materials actually were petroleum hydrocarbons 
in those cases. Four samples of sediment taken from the bottom of 
little Long I/dke, Wisconsin, were tested with chloroform and ether 
for substances vulnerable to these solvents. About 0..5 per cent, nr 
in pounds per Lon, of soluble matter, presumably ()il, was obtained.-'' 
A sample of Cuban mud investigated during the progress of API 
Research Project 43C at Massachusetts Institute of Technology showed 
the presence of water-soluble organic material which decomposed at 
approximately 135° C. into a variety of products, including some light 
petroleum hydrocai bf)ns. This investigation is continuing.-^ Studies 
are also being made in an attempt to dcterniine whether the optically 
active portion of petroleum is derived directly from living organisms.-* 

Howard has described a thin section of oolitic limestone from 
Alabama which shows that some oiilites have a core of calcite, then a 
ring of bitumen, followed by more caldte. It is difficult to explain 
the layer of asphaltic material in any other way than that it is syn- 
genetic. 

On the other hand, T rask and associates found no liquid hydro¬ 
carbons in recent sedimenls. Up to 1 per cent of the organic content 
of these sediments consisted of solid paraffin, however. It has been 
siiggesteil that the scarcity of licjiiid hydrocarbons in the 'I’rask samples 

ti. V. hiirli. “\nlc.s nil ihe SriliinciiLary Dcpnsiiinn nl Pelmleiini," Mines Ma^., 
\'ol. (Orliilici, in.S I). |)|J. O. A. Poirier ami A. Thiel, "ncpiisiLinn 

of Free Oil liy .SpiliiiuMils .Shilling in Sea VValer,” Bull. Am. Assoc. Petrol. Geol.. 
Vnl. 2ri (H)ll), p/j. 2170-2180. 

Of), fit., pp. and 131-136. 

\V. H. Tii nihofcl anil 11 F. MrRelvcy, "The SciliniriiLi of Little Long (Hi;i- 
\vnlli:i) l/akc. Wisconsin." Jour. Sed. Petrol., Vol. 12 (April, 1042), p. 47. 

W. L. Whitehead, inroitnal cuniniiiniraiinii. 

28'!’. S. Oakwood, “Review of API Research Project 431L 'rransfurnicitinri of 
Oi'gaiiic Material into Petinleiini—Chemiral and Hincheniical Phases,” Report of 
I'rofrrp.s.s~Futiilnmenlal Resrtirrh on Orenrrenre and Rernvery of Petroleum (Am. 
Peirul. Inst., 1913), pp. 189-191. 

2» W. \’. Howard, “Lithiraciinn Prnce.sscs and Early Oil Eormatinn in Sediments,” 
Oil and Gas Jour., Vol. 42 (|iine 17, 194.3), pp. 92-94. 

Parker D. Trask and C. C. Wii. “Docs Petrnlenin Form in Sediments at Time 
of Deposition?” Bull. Am. .'Issor. Petrol. Geol., ^'ol. 14 (Novemher, 1930); Parker 
D. Trask el nl., Ongin and Environment of Source Sediments of Petroleum (Gulf 
Publishing Cn., Houston, Texas, 1932), p. 232. 
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might possibly be due to the lag between the time of collection and 
the time of analysis: “The activity of hydrocarbon-oxidizing micro¬ 
organisms may help to explain why Trask and others have failed to 
find petroleum hydrocarbons in recent sediments. Even if hydrocar¬ 
bons were in the sediments in situ they might be destroyed rapidly by 
the increased bacterial activity and other environmental conditions 
which accompany the collection and storage of sediment samples.’* 

It should also be remembered that the environmental conditions under 
which the recent sediments are being deposited are quite different from 
those that prevailed during most of the geologic past. During the 
greater part of the geologic past, the continents were base-leveled, and 
both the rate and the nature of the sedimentation along the conti¬ 
nental margins were different from what they are today. 

Many authorities do not believe in syngenetic origin of oil for other 
reasons. Eor example, Rich states, “Consideration of various possible 
sources for this oil indicate that it is not generated until long after 
the sediments were deposited and that its source cannot logically and 
consistently be sought in the rocks in the immediate vicinity of the 
pools.” In most oil accumulations, it is obvious that the oil is 
younger than the enclosing rock. However, this is not in itself evi¬ 
dence that the oil is not syngenetic in some other rock from which it 
has migrated to its present home. 

PRE-LITHIFACTION OIL- 1 he case for the generation of oil 
after deposition but before lithifaction has been stated well by Hoots: 
“Rurial and its accompanying expulsion of fluids from compressible 
sediments is an experience necessary to the formation of fine-grained 
sedimentary rf)cks. No shales have avoided it. In addition to the 
effect from burial, lateral compression may cause additional compac¬ 
tion. The resulting movement of large quantities of water offers the 
most positive opportunity for oil to move along and across the bedding 
of fine-grained source beds into adjoining permeable beds. Because 
of this fact most theorists agree that petroleum generation and its mi¬ 
gration to the reservoir takes place during compaction.” Although 
he was primarily concerned with the origin of oil in the California oil 

Claude E. ZoBell, C. W. Gram, anil H. I''. Haas, “Marine Mii:roor^aiiisms 
Which Oxidi/e Pciroleiini Hydrocarbons,” Bull. Am. Assoc. Petrol. Cwenl., Vol. 27 
(Sepiember, 1943), p. 1189. 

John L. Rich, "Source and Dale of Accuniulation ol Oil in Granile Ridge Pools 
of Kansas and Oklahoma,” Bull. Am. Assoc. Petrol. GeoL, Vol. 1.^ (Decemlicr, 
1931), p. 1431. 

33 H. W. Hoots, “Origin, Migration, and Accumulation of Oil in California,” 
Calif. Div. Mhies, Bull. 118 (August, 1941), p. 260. 
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Helds where the source rock is without doubt sJiaJe, it is also possible 
that a calcareous ooze undergoing compaction might likewise be the 
source of liquid hydrocarbons. Trask found calcareous deposits 
(as well as siliceous muds) containing relatively high percentages n] 
organic materials. He has observed also that “the period of time 
shortly after the deposition of sediments is probably of major im^ 
portance in the generation of petroleum." 

In opposition to the theory of prelithifaction oil, tliere is little 
evidence that^p^^ volume is being squeezed out today from compact- 
iJUfi^sediments. This situation may be due to inadequate exploration, 
or it may be due to the fact that the conditions of sedimentatirm in 
the recent geologic past have not been typical of the more distant past. 
Walter Link believes that our knowledge is inadequate and advo¬ 
cates for the Gulf of Mexico along the l.ouisiana or Texas coast a 
"systematic foot-by-font analysis of sediments, starting with the youngest 
and going down to the oldest, in which oil is knowMi to exist. . . .” 
The American Petroleum Institute is considering a study of the suc¬ 
cessive changes which source beds deposited under similar conditions 
through a considerable sj)an of geological time have undergoiie.'^^ 
Another argument opposed to prelithifaction oil is the presence in 
some oil fields of evidence of more than one time of accumulaiioii. 
Several examples arc given by Van Tuyl and Parker.'**^ The best- 
known case is that at Oklahoma City, where drilling has shown the 
existence of asphaltic residues at the unconformable contact between 
the Pennsylvanian sediments and the Ordovician reservoir rocks. The 
natural iiitcrpretation of this situation is that oil was migrating up 
the dipping Ordovician formations and escajjing at the truncated 
surface exposed in pre-PeniLsyivanian time. Subsequently, this escape¬ 
way was closed by the deposition of the Penn.sylvanian sediments and 
the great oil deposits of the Oklahoma City field accumulated beneath 
the unconformity. A few other examples of oil residues at uncon- 

Tarkci 1). 'l r:i.sk et tiL, “Origiii anil EnvirminiL'iU of Source lieds of PetrokMiiii” 
(Gulf riiblishinf; Co., Huuston, "I’exas, 1932). 

Parker 11. Irask. ‘‘.Some Sluilics of Source Beds iif Pclroleum," Iniernalional 
Grolo^kal Ctmgrrss, Report of the 16th Session, 1933, Vol. 2 (1936), p. 1011. 

30 Waller K. Link, • Approach to Origin of Oil,” liiitl. ,lm. Assoc. Petrol. Geol., 
\o\. 33 (Ocioher, 1949), pp. 1767-1769. 

3T Rohcrl E. VViUson, "API Wildcaiting in .Some Inieresting Areas." Am. Peliol. 
liisL., 29ih Annual Mceling (1949), separate paper, p. 7. 

38 F. M. \aii Iiiyl anti Ben H. Parker, "The Time of Origin and Acaiinulatinn 
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lormities are cited Vaiv T\i'^\ and YarVer, but Rich not6s that 
in proportion to the total number of uncorj/ormif^ accuwuLitions 
residual asphalt is decidedly rare. 

Actually, ol course, heavy oil residues at UTicorvlormiiies ■wlvicVi are 
underlain hy deposits ot "live’* oil are not in themselves evidence ol 
multiple or rontinuous generation of oil. They can be interpreted 
rmly as evidence that oil was in motion in the reservoir rock at two 
widely different periods of time. It is possible that regional tilting 
during the time that truncated Ordovician formations were exposed 
at the surface at Oklahoma City permitted some spillage of the oil 
from a basinward anticline. After the relatively impervious Pennsyl¬ 
vanian sediments had been deposited across the truncated layers, 
further tilting might have released from below much more oil that 
accumulated beneath the uncr)nformity, m the new oil might have 
been driven there by the overlying comparting sediments. Hiestand 
has observed that oil is adjusted to present structural traps and con¬ 
cludes as a corollary that the oil and associated water “have made 
migratory adjustments in various directions according as a given trap 
was destroyed or preserved by structural modifications.” Weeks 
describes “secondary tectonic structures'’ which cause “secondary re- 
disLi'ibulioii or localization of oil." Similar ideas are expressed by 
Van Tuyl, Parker, and Skeeters: “It does not necessarily follow that 
these substances [oil and gas] are genera led in the mother rocks con¬ 
tinuously or as successive ‘crops.’ It is possible that they may be 
stored for considerable periods after generation, either in a dissemi¬ 
nated condition or as pools, which may undergo renewed migration 
as a result of changes in geologic struclurc. ... In some instances 
there may have been renewed migration of oil and gas in pools previ¬ 
ously formed as a result of changes in direction or amount of dip, 
laid ling, increase in I he vigor of artesian circulation, or other causes.” 

PQST-LITHirACTION OIL. Several of the theories of oil gen¬ 
eration (to be considered subseipiently) are based on the assumption 
that conversion from solid carbonaceous matter to liquid hydrocarbons 
does nol take place until the sediments have been deeply buried and 
presumably lithified. However, there is little actual evidence that 

F. M. Van ruyl aiul Ben H. Parker, op. ciL, p. Sfi. 

T. C. Hiesiaiirl, “Kc^iunal riivesli^alions. Oklalioma anil Kansas.” Bull. Am. 
Asjioc. Palrol. Gcol., Vnl. 19 (July, 1935), p. 965. 

41 L. C. Weeks in T. M. Van I'liyl, Ben H. Parker, anti H. W. .Skeeters, “The 
Mi^raliiin and Atciiniiilatinii ot Petroleum and Natural Gas,” Quarterly Colo. 
School of Mines, Vol. -10, No. 1 (January. 1915), p. 53. 

42 Op. cit., p. 56. 
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oil generation takes place after lithifaction. liL_many oil reservoirs, 
eqjetially limes ton e^XesCTyoirs, ,^ge of the Iqcal. accuiM 

obviously post-li|hifaction, but that is still not evidence that the oil 
was gen erated from spurce materials lifi lithihed sediments. Stadni- 
chenko^’ determined experimentally that source materials "have dif¬ 
ferent temperature points or zones at which oil and gas are formed, 
indicating that the petroleum found in our oil fields may contain 
products generated at several stages in the long course of the devolatiza- 
lion of the organic matter in the sediments.” Furthermore, the later 
the oil generation in a series of generations, the higher the fixed- 
carbon content of the source rock and the better the quality of the 
petroleum; when the carbon content rises above 63 per cent, natural 
gas only is given off.'*^ "I'he source materials used in these experiments 
were oil shales, caiinel coals, and other already lithified rocks. But 
Hoots pointed out that, if the oil is not produced until after lithifac- 
tion takes place, one must accept the thesis that large (|uanLities of 
oil are generated and migrate through rocks that have become compact 
and relatively impermeable. One naturally wt)nders why compact 
shales as a source rock could permit oil to escape outwards but as a 
cap rock would not allow oil to pass through. 

It should also be pointed out that the failure to find any free oil in 
alleged source rocks in various oil fields of the world shows cither 
that conversion is no longer going on even though the environmental 
conditions of pressure, temperature, and the presence of possible 
catalysts or radioactive elements are apparently just as favorable as 
they have been in the geologic past, or else that this process of auto¬ 
generation within the source rock is so slow and the quantities pro¬ 
duced arc so small that the amount present at any one time w^ould 
not be measurable. 

SEDIMENTATION AND BIOCHEMICAL ACTIVITY 

The first phase in the formation of oil is the deposition of the 
sediment, boih physical and organic, which is destined to become the 

Taisia Siailiiirlicnkn, ‘TA|ii'riintiilal Suiilies Rcariiifr on ihe Origin of Petro¬ 
leum," hiteriKitiofuil Cw'w/rigiro/ Congress, Report of the Iblh Session, 19^3, VdI. 2 
(MKSH), p. 1009. 

** C. David While, "The Origin of Pclrolcum," Pelrolrurn Investigation (Hearings 
hefore a SiilirninmiUee ol the Cimimiilee on Inlcrsiaic and I'oreign rnmmertc. 
House of KupresL'iiialives, 73d Congress, on H.R. 441, 1.9.34), pp. .908-909. 

H. W. Hoois, "Origin, Migration, and Amimiilalinn ot Oil in California," 
Calif. Div. Alines, Bull. 118 (August, 1941). 
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source rock. Concurrent with this sea-floor arcumulation are certain 
chemical changes that take place in the organic sediment as the result 
of environment and the activity of bacteria. 

DEPOSITION OF SEDIMENT. The ecology of source rocks has 
received considerable attention. The petroleum industry and later 
the U. S. Geological Survey subsidized a long-continuing program of 
studies by Parker D. Trask and associates. This research resulted in 
the publication of numerous papers and two monographs: Parker D. 
Trask, Origin and Environment of Source Sediments of Petroleum 
(Gulf Publishing Co., Houston, 1932; and Parker 13. Trask and H. W. 
Patnode, Source Beds of Petroleum, Am. Assoc. Petrol. Geol., Tulsa, 
1942). Another publication in this field is the symposium. Recent 
Marine Sediments (Am. Assoc. Petrol. Geol.. Tulsa, 1934). 

Environment of Deposition. J o those who believe that oil pools 
occur only wdiere restricted deposits of rich source material lie in 
juxtaposition to reservoir and trap, the environment of deposition is 
of paramount importance. As stated by Clark: "It is probable thai 
source material is more closely associated with local conditions ol 
sedimentation and environment than has been generally considered. 
The location of these deposits of rich organic matter is probably con¬ 
trolled by local favorable conditions of sedimentation on the floor ol 
the epicontinental sea, by local favorable climatic conditions, by roules 
of travel of sea life, by food supply, and by shalh)w warm water, all 
these conditions being favorable for the growth, propagation, and 
accumulation of organic matter.” 

Hiere is no doubt that the accumulation of source material u sub¬ 
aqueous. Whether the water is invariably saline is open to argument. 
At one extreme is Van der Gracht,**^ who believes that the richest 
source materials accumulate where the water is either so saline or so 
foul with hydrogen sulfide that life can exist only in the uppermost 
levels and therefore the plankton sinking to the bottom is out of 
reach of scavengers. "Source rocks of the saline class are found in 
deposits of concentration basins, before (or alter) deposition of actual 
rock salt, at a time when strong salt solutions prevailed at the bottom, 
but the less salty upper layers of the water supported life. It is not 
necessary that the stage of precipitation of actual salt was ever reached; 
the cycle may have been interrupted. Concentrated brines are not 

4R Frank R. Clark, "Origin and Accumulation of Oil,” Problems of Petroleum 
Cpo/og)' (Am. A.S.SOC. Petrol. Cieol., Tulsa, Okla., 1934), p. 309. 

47 W. A. J. M. van Walcrschoot van ficr Giarhl, "The .Stratigrapliical Distribu- 
lion of Pelroleiiiii," Srienre of Petroleum (Oxtoril Mniv. Press, 193H), Vnl. I, p. 58. 
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only adverse to life, but they also prevent convection, curjrents .and 
access of oxygen to the deeper layers of water. The latter is the real 
cause of the preservation of organic matter, much more than concen¬ 
trated salinity." 

Nevin believes it probable that the usual association of petro¬ 
liferous deposits with marine strata "is a direct consequence of salinity. 
If the water were brackish or fresh, the end product of bacterial break¬ 
down would then be carbonaceous, rather than bituminous, because 
of the types of microorganisms present and the completeness and 
intensity of their attack on the organic material." On the other hand, 
there are now a number of oil fields in which the reservoir rock, at 
least, is of fresh water origin. It has been customary to ascribe the 
oil to some marine organic rock whence it is supposed to have migrated 
into the continental sediments, but in some of the newer fields this 
idea is difficult to apply. It is quite possible that deposition in salt 
water is not necessary for petroleum source material and that the 
insignificant percentage of known oil pools in continental rocks has 
been due to less intensive search in such rocks and, more importantly, 
to the relative scarcity of continental formations in deposits of ade¬ 
quate thickness. The possibility of fresh water souice rocks is con¬ 
sidered in more detail in a subsequent section. 

The expression used by Van der Gracht for deposits accannulaiing 
in waters saturated with hydrogen sulfide is "cuxinic facies." Allhough 
the w'ater near the surface is near normal and will support life, the 
deeper layers are practically devoid of oxygen and in addition may 
contain "poisonous admixtures" which prevent the existence of life 
at depth. The best example of cuxinic facies today is the Black Sea. 
riiis environment was more common in the geologic past, according 
to Van der Gracht, when polar ice caps were not present, and in 
consequence oxygen-carrying convection currents were much less active 
in the ocean basins. 

It appears much more likely that euxinic conditions rather than 
supersalinity may have been responsible for unusual accumulations 
of orgaiiic_ilLbiis. Many black shales, rich in animal and plant matter, 
arc also pyritiferous and were apparently laid down in waters replete 
with hydrogen sulfide. On the other hand, highly organic shales are 
imconinion in strata containing evaporite minerals. Trask found 

Charles Nevin, “Origin nf I’cirDleiim—A MelliDil ot Ap[iriJaL'h,” Bull. Am. 
Assoc. Petrol, (wcol., Vol. 211 (March, lDt.5), p. 288. 

■“'Parker D. Trask el al.. Origin and Environmeni of Source Sediments of Petro¬ 
leum (Gulf Piiblishing Co., HdusLdii, I9il2). 
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that supersalinity was not necessary for the accumulation of abundant 
or/^aiiic debris on modern sea floors. 

Of great importance in the accumulation of source materials is the 
configuration of the sea floor and die distance from shore. Trask 
noted that the organic content of modern sediment is lowest on sub 
marine ridges and highest in sea-floor basins. The reason is that the 
sediment in the basins is protected from currents; where water is in 
motion the light organic material cannot come to rest. For the same 
reason, the usual associate of plant and animal debris deposited on 
the sea floor is clay or fine silt rather than saiiil. 'Fhe distance from 
shore is a factor because much of the food consumed by the marine 
organisms is brouglit to the sea by streams draining the land surfaces. 
Clonseijuently, life is much more abundant near shore lhan in the 
open ocean, and where sanctuary from currents is available, the deposi¬ 
tion of organic matter will be much greater near shore. 

Composition of Muds. 'Fhe inorganic or physical sediment acrom- 
paiiyiiig, and far exceeding in volume, the organic sediment is usually 
mud consisting of clay, silt, or calcaret)us oo/.c. More rarely, fine¬ 
grained sands may contain sufficient organic matter to be a potential 
source of oil."’* 'Fhe determination of the nature of the organisms 
iliat produce petroleum is made difficult by the fact that these types 
of life leave few, if any, fossil remains. lYask believes that the 
original source material is plankton, which is taken in by other 
organisms in succession as food and eventually, but much reduced 
in volume, conics to rest on the sea floor, where it is incorporated in 
the physical sediment being deposited. He further believes that the 
amounts of cellulose, fats, and simple proteins in the marine muds 
are too small to he the principal source of petroleum. "Petroleum 
apparently must come mainly from other compounds, such as complex 
proteins and non-nitrogenous complexes.” In the opinion of 
Brooks: ‘"I'he principal types of organic substances which are to 

be considered as the main source material for petroleum include 

5“ Parker D. Trask, “Organic Conicnl of Recent Marine Sediments," Recent 
iMririnr Sert/fnents (Am. Assoc. Petrol. Geol., Tulsa, 193D), p. 428. 

■'*1 Parker D. Trask, “.Some Studies of Source Beds of Petroleum,’’ Proc. XVI Inter- 
naliunal Geolufr^ical Congress, 1933, Vol. 2 (1936), p. 1011. 

Parker D. Trask, “Inrereiices about the Origin of Oil as Indicated by the Com¬ 
position of the Organic Constituents of Sediments," U. S. Cweol. Survey, Dept. In¬ 
terior Prof. Paper 1H6-H (1937), p. 147; “Petroleum Source Beds, ' Science of Pet.ro- 
teum (Oxford Univ. Press, 193B), Vol. I, pp. 42-45. 

« J Op cit. 

Benjamin T. Brooks, "Origins of Petroleums; Chemical and Geochemical As¬ 
pects,” Bull. Am. Assoc. Petrol. Geol., Vol. 20 (March, 1936), p. 280. 
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lellulose, starcliLS, and sugars, proteins, lignins, oleo-rcsins, waxes, 
and fatty oils. Fatty oils are to be regarded as the principal source 
material.’* 

Nitrogenous compounds, of which about half are proteins, are the 
largest group, totaling about 40 per cent of the organic constituents 
in modern sediments, t hirty per cent are composed of lignins and 
humic complexes. The waxes, resins, alkaloids, and alcohols make 
up about .5 per cent, and the sugars, starches, and organic acids 3 per 
cent. Carbohydrates comprise 1 per cent. The oils and fats, which 
chemically are nearest to petroleum, also compose only 1 per cent 
of the total organic content.'^® 

As would be expected, the percentage of organic matter within the 
sediment varies widely from place to place. The average recent sedi¬ 
ment runs about 2.5 per cent by weight organic matter. The figure 
is h)wer in deltaic and continental shelf areas where currents arc 
relatively strong; it is higher in closed basins. In bodies of stagnant 
water, such as the Black Sea, the percentage may be as high as S.5; in 
small lakes the figure may even reach 40 per cent. The average in 
the open ocean far from land is less than 1 per cent of organic matter.®'* 

Although lYask found only solid organic matter in the samples 
examined, this solid matter yielded litpiid hydrocarbons when assayed 
by dry destructive distillation. Samples were collected from prac¬ 
tically every known environment of deposition. These sediments 
yielded, in the main, from 0 to 3 gallons per ton, although the samples 
collected from the bottom of an algal lake ran as high as 28 gallons 
per ton. Some limy oozes had high yields also. As would be 
expected, the yield increased with finer texture and decreased with 
distance from shore. The highest yields come from samples collected 
from sea-floor basins.®" 

Conclusions. There is no doubt that the ecology of sedimentation 
is an important factor in the accumulation of the organic debris that 
is to become petroleum. The commonest source rocks are marine, 
near-shore, shaly or calcareous deposits. Less common, but not ruled 
out completely, are fresh-water deposits and fine sandstones. The 

‘•f'* \V. B. Heroy, ‘‘l*ctroleiiiii Cicology,” liiill. ('•t'ftl. Soc. Am. !i0th Anniversaiy 
(June, 1911), |i. 170. 

fill Parker D. I'rask, “Oiganic CdiUciiL of Rcrcnl Marine Seilimciils,'’ Rerent 
MuTine Sediments (Am. Assnr. Petrol. Ceol., Tulsa, 1939), p. 428. 

57 Parker D. Trask, “The Poleniial Value of Several Recent American Cjiastal 
and Inland Depo.siis as Fiilure Sniirre Beds of Petroleum,” BuU. .4m. Assoc. Petrol. 
CeoL, Vol. 12 (November, 1928), pp. 1057-1069: also Vol. It (March, 1930), pp. 311- 
316. 
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riihest deposits are those in which the organic debris accumulated 
either in closed sea-floor basins or in waters so foul with hydrogen 
sulfide that the organisms were not passed on and on, with consequent 
diminution of volume. 

It is quite possible that local differences in the environment of 
sedimentation may explain the presence of barren or lean traps within 
regions of prolific oil accumulations. 

PHOTOSYNTHESIS. The possibility of the synthesis of hydro¬ 
carbons before deposition by the metabolism of plants is being investi¬ 
gated.^^ Sunlight is known to be an important factor in the growth 
and development of plankton. If hydrocarbons are generated in the 
organic matter belore deposition, the problem of petroleum genesis 
becomes one of the "selection and concentration" of such hydrocarbon- 
containing organisms in the sea-floor muds. 

BIOCHEMICAL PROCESSES. During the time that the organic 
matter is accumulating on the sea floor, it is subject to attack and 
chemical transformation by bacteria. Opinions vary widely as to the 
relative importance of the biochemical stage in the genesis of petro¬ 
leum. It is certain that during this period the organic matter becomes 
more petroleumlike chemically; there are those who believe that 
petroleum itself may be formed.”" 

riic role of bacteria cm the sea floor has been a subject of active 
investigation for some years. A paper by Hammer on this subject 
|jiiblished in 198^ lists HI references. ZoBell includes 200 references 
in a paper published in 1947. In recent years the American Petroleum 
Institute has sponsored an investigation by ZoBcll and associates into 
the function of bacteria in oil formation which has led to the publica¬ 
tion of numerous papers. 

M. Knt*l)cl, “Frnj^ri’ss Keport on API Research Projccl 43, The Transronna- 
linii of Orgaiiii; Malerial inlo PeOolciiiii," Bitif. Am. Axsov. Petrol, (ieol., Vnl. 30 
(November, 1!MG). p. \l)\ \. 

Claude E. /onell. “nieiiiiial Repoil for ln4.5-lfM7 on API Rrscarrh Projerl 
4.SA—RacleriologiL'al and SeitimenLalion Phases of the rransforniaiion of Organic 
Maleiial iiiLo Peirolciiin," Report of Profrress—l'iiridatneiilnl Research on Otcurrenn; 
find Recovery of Pelrolenm. (Am. Pelrol. Inst., I!J4!1), pp. 100-106; "BacLcrial Activi 
lies and ihe Origin of Oil,” World Oil, Vol. 130 (June, 19.50), pp. 12K-138. 

““ G. D. Hobson, "Uiochcmical Aspects of the Origin of Oil," Science of Petro¬ 
leum (Oxford Ibiiv. Press, 1938), Vol. 1, pp. 54-56. 

Harold E. Hannner, "Relalion of Micro-Organisms to Generation of Peirn- 
leiim," Problems of Petroleum Geology (Am. Asscjc. Petrol. Geol., Tulsa, 1.9.34), 
pp. 35-49. 

Claude £. ZoBcll, “Microbial 'I'ransforniation of Molecular Hydrogen in 
Marine Sediments, with Particular References to Petroleum," Bull. Am. Assoc. 
Petrol. Geol., Vol. 31 (October, 1947), pp. 1709-1751. 
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Distribution of Bacteria. Bacteria have been found in recent sedi¬ 
ments up to the depth sampled (25 feet). They are most abundant 
in the top few inches, below which they gradually decrease in num¬ 
bers.®" It has been claimed that samples of sedimentary rock collected 
aseptically from a depth of 1560 feet contained indigenous bacteria,®'* 
but this conclusion has been questioned. Samples of oil sand from 
an oil "rnine” in Pennsylvania had bacteria where they were exposed 
to the air but not in the centers of the chunks.®" It is probable that 
the bacteria found in samples of ancient sediments, alihough abun¬ 
dant, are adventitious. It w'ould be extremely difficult, if not impos¬ 
sible, to so control conditions on the drill floor that an uncontaminated 
sample could be obtained. 

Kinds of Bacteria. To the uninitiated it appears that not rmly are 
there many varieties of bacteria but also that each tyjje has an opposite 
number with opposite functions. Thus there are oxidizing (aerobic) 
bacteria and reducing (anaerobic) bacteria, hydrogen-producing bac¬ 
teria and hydrogen-removing bacteria, hydrocarbon-producing and 
hydrocarbon-destroying bacteria, to mention only those of greatest 
importance to the natural history of oil and gas. 

Functions of Bacteria in Oil Formation, llie common and abun¬ 
dant anaerobic, or reducing, bacteria liberate oxygen, nitrogen, phos¬ 
phorus, and sulfur from organic material. As a result, the jiercentage 
of hydrogen and carbon is increased, making the material more like 
petroleum in composition. Where oxidizing conditions exist on the 
sea Hoor, only the aerobic bacteria are at work, and this desired result 
will not follow. 

It is coinnion knowledge that bacteria can produce methane from 
organic debris. This not only is subject to laboratory demonstration 
but also is illustrated in nature by the production of marsh gas. 
Whether liquid hydrocarbons are pimluced by these bacteria is still 
a matter of conjecture. ZoBell has found that such hydrocarbons 
ran be produced in the laboratory: “It is especially noteworthy that 
certain anaerobic bacteria, isolated from marine sediments, have been 

H3 CIhuiIc K. /iiltL’ll, “OrciiiTcnce and Activity of Hacten'a in Marinn SetlimenLs,'’ 
litfcent Marine Sediments (Am. Assoc. Petrol. Gcol., Tulsa, 193!)). p. 4Hi. 

'J'l Claude F,. /nltell, "The Role of Bacteria in the Foriiiation and Transrormation 
of Petroleum Hydrocarbons,” Science, \'ol. 102 (Oct. 12, 194.'i). p. SGJ). 

“s G. M. Rnebel. “Pi o|;rESS Report on .API Research Project 13. The Transforma¬ 
tion of Organic Material into Petroleum,” Bull. Am. Assoc. Petrol. ileol., Vol. 50 
(November, 1916), p. 1913. 

Claude £. ZoBell, '‘Transformation of Organic Material into Pctroleum-Bac- 
leriolngical and Sedimentation Phases,” Fundamental Research on Occurrence and 
Recovery of Petroleufn (Am. Petrol. Inst.. New York, 1943), p. 104. 
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shown to produce ether-soluble, non-saponihablc, oil-like extracls from 
naturally occurring lipides or fatty acids." The presence of in¬ 
digenous liquid hydrocarbons in sea-floor sediment, although reported 
by several investigators, has not yet been sufRciently verified for 
general acceptance. 

There is ample evidence of the activity of hydrocarbon-oxidizing 
bacteria. The relatively rapid disappearance of oil spilled upon the 
ground is caused by such bacteria. It has been noted that the 
percentage of organic matter in sea-floor sediment may decrease from 
"10 to 20 per cent in the first two or three inches, and a like amount 
in the next 2 or 3 feet,” because of destruction by bacteria. In fact 
the hydrocarbon-oxidizing bacteria are so common and so active that 
it has been suggested that petroleum acciimiilalioii can take place 
only "where conditions are inimical to their activity.” 

The hydrocarbon-oxidizing bacteria may alter the composition and 
characteristics of oil by destroying some hydi ocarbfui compounds 
ahead of others. T herefore, if the process of destruction is arrested 
at any time, the residual oil may be quite diflerent from the initial oil. 

Hydrogen-producing bacteria might conceivably contribute to the 
evolution of hydrocarbons by increasing the hydrogen percentage. 
This "biochemical hydrogenation” can probably take place with 
methane, CH 4 , as well as with straight hydrogen. Hydrogen-oxidizing 
bacteria are capable oT converting organic siillur into hydrogen siilfide. 

Miscellaneous activities of bacteria which may be significant in 
petroleum accumulation and exploitation include the production of 
acids that can dissolve carbonate rocks, releasing at the same time 
carbon dioxide, wdiich adds to the pressure, and the liberation of oil 
from the surfaces of the grains in the reservoir rock. 

The type of decay depends upon the type of bacteria at work. The 
span of time over which decay occurs depends upon ( 1 ) the speed of 
burial of the organic matter, ( 2 ) the degree of stagnation of the over- 
lying water, and ( 3 ) the eventual toxicity of the decomposition products 
to the microbes themselves. 

Conclusions. Most, if not alb of die role of bacteria in petrole:um 
generation is confined to the uppermost few feet of the organic sedi¬ 
ment accumulating on the sea floor. The principal function of the 
bacteria is to remove the elements other than hydrogen and carbon, 

Ciniide £. ZoBcIl, "Change.s rroduced by Microorganisin.s in Sediments after 
Deposition,” Jour. Sed. Petrol., Vol. 12, No. 3 (1D42), p. 132. 

Claude £. ZoDcll, “The Role of Bacteria in the Lormation and Tran-sformation 
□f Petroleum Hydrocarbons,” Science, Vol. 102 (Oct. 12, 1945), p. 36B. 
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thereby bringing the organic matter closer to petroleum in composi¬ 
tion. Methane can be produced in this way; whether the liquid 
hydrocarbons can be so generated is an open question. 

Differences in the degree and character of the biochemical attack 
upon the organic debris accumulating upon the sea floor may be 
another explanation for differences in the composition and properties 
of petroleums. 

BURIAL AND DYNAMOCHEMICAL ACTIVITY 

it is the prevalent belief that the close of the depositional phase 
/inds the source organic malter still in solid form. If this view is 
correct, the transformation from solid to liquid must take place after 
burial. Much has been written regarding the conditions and processes 
which might bring about the conversion within the earth’s crust of 
organic debris into petroleum, but in spite of this mental productivity 
we still do not know how, when, or where oil is formed. 

There are two stages in the burial of the organic sediment. The 
first is the concurrent deposition of the much more abundant physical 
.sediment. In the preceding section it was noted that this material 
is usually a clay or fine silt because the light organic matter could 
come to rest only where the water was so quiet that the non-organic 
sedimeiu would settle out of suspension. The rate of entombment 
of the organic matter is probably of considerable importance in respect 
to the percentage to be transformed eventually into petroleum. If the 
rate of burial is too rapid, the biochemical activity would be ob 
strucled; if too slow, the processes f)f putrefaction might go so far as 
to destroy the organic matter. 

The second phase in the burial of the organic sediment is the 
deposition of a non-organic overlying rock, followed by layer upon 
layer of other rocks of various types. Ihv eventual thickness of this 
cover varies between wide extremes.It is not j^ossible lo state with 
any certainty the minimum cover which existed at the time trans¬ 
formation took place. The oil fields of eastern Kansas are often 
cited as examples of oil occurring in rocks which were never very 
deeply buried. It is true that oil occurs here in upper Pennsylvanian 
rocks at a present depth of only a few' hundred feet, and the addition 
of the higher Pennsylvanian and Permian formations which crop nut 

F. M. Van 'I iiyl :iiiil Ben H. Parker, “The Time of Orifrin -.inil Arciimiihilion 
Ilf Peiroleimi." Quarterly Colo. Srhoo! of Mines, Vol. 36 (April, 19^11). pp. 79-fi2. 
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to the westward would make the total cover less than 2000 feet, but 
still younger rocks, especially the Cretaceous, may have also covered 
this area. At the other extreme, we know that oil occurs today beneath 
a cover of over 15,000 feet, and it probably occurs at considerably 
greater depths. 

At least three changes in physical environment take place with 
burial. One is an increase in hydrostatic pr^ with each foot 
f)f cover added. It has been determined that the pressure at a depth 
of 13,000 feet is over 6000 pounds per square inch."" Another rh^ngt 
is caused by the rise of the isogeothcrms, or levels of equal earth 
temperature. Sediments buried to a depth of 15,000 feet may be 
subjected to temperatures as high as 300° F. This combination of 
strong pressure and high temperature is certainly capable of accel¬ 
erating, if not initiating, geochemical processes. A third change in 
environment is the increase in salinity of the formation waters as die 
sediment is buried to greater and greater depths. 

POST-BURIAL CHEMICAL CHANGES. Although not as 
obvious as the physical changes which take place under load, the 
chemical crjrnposition of an organic sediment does change with burial, 
and most of the change takes place before the physical metamorphism 
becomes noticeable. Campbell coined the term "incipient meta- 
morphism" for the chemical changes that take place in organic rocks 
l)ecause of the increase in temperature and pressure which accompanies 
burial and subsequent loading. The volatiles, especially oxygen, 
decrease in relative percentage, and the fixed carbon increases. In 
coals this chemical alteration is responsible for the various grades 
ranging from lignite to anthracite, with graphite as the rarely reached 
end point. 

J'hc separation of oxygen from the source organic matter is a 
requisite to the formation of petroleum. However, both Brooks and 
Hobson have pointed out that petroleum contains hydrocarbims 

William B. Heuiv. “Pelrnleuni Geology,” Hull. Geul. Sor. Am. 50th A?iniversary 
Vol. rUHI), pp. .f)lZ-MB. 

"1 C. David While, “Piogres.sive Melamorphism ('Carboni/ation') of the Buried 
Mother Substances,” Petroleum hwestigalion (Hearings before a Subcommittee of 
Mil* ComiiiiLLee on Tnterslate and Foreign Coniiiierce, House of Representatives, 
73d Congress, on H.R. 441), Part 2, pp. 903-906. 

’-M. R. C/.inipbell, “Coal as a Recorder of Incipient Rock Melamorphism,” Econ. 
Gf’ol., Vol. 25 (Novemher, 19.30), pp. 675-696. 

Benjamin 'V. Brooks, “Origins of Petroleum; Chemical and Geochemical As¬ 
pects,” Hull. Am. Assor. Petrol. Grol., Vol. 20 (March, 1936), p. 2H0. 

Ci. I). Hobson, “Biochemical Aspects of the Origin of Oil," Scienee of Petroleum 
(Oxford llniv. Press, 193B), Vol. 1, p. 54. 
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that are unstable at high temperatures, so this de-oxygenation must 
liave taken place at relatively moderate temperatures. 

POST-BURIAL PHYSICAL CHANGES. The first physical effect 
on the organic muds to result from burial and loading is conipactipn. 
Because of the nature of the material, the sediment may in time 
become compressed to 50 per cent or more of its original thickness, 
and the specific gravity of the sediment may increase from an initial 
1.5 to more than 2.'^’"' This compaction is accompanied by the expul¬ 
sion of a like volume of water or other fluid; the importance of this 
process in the migration of oil frrim source rock to carrier or reservoir 
bed will be considered later (see Migration). 

Compaction is accompanied nr followed by lithifaction and indura¬ 
tion, w'hich transform the incoherent sediment into sedimentary rock. 
Further dehydration and minor earth movements will create jointing 
and cleavage in the rock, and if diastrophism or static metainorphism 
becomes intense, recrystalli/ation and even the development of 
schistosity will take place. However, the oil generation takes place 
long before the physical metamorphism stage is reached: in fact it 
will be shown subsequently that hydrocarbons are destroyed, rather 
than formed, by metamorphic processes. 

AGENTS AND PROCESSES. Among the many agents and proc¬ 
esses that have been credited with transforming solid organic matter 
into liquid petroleum are pressure, bacteria, catalysis, heat with 
“cracking,” intramolecular combustion,^" natural distillation, and 
radioactive minerals. Geologic time has also been considered an 
important contributing factor. 

Pressure, to be ellective, would have to be of shearing magnitude 
in order to transform organic solid into oil. Experiments carried on 
at room temperatures cm the application of high shearing pressures 
to oil shales and cannel coals resulted in some insignificant devolatiliza¬ 
tion but no oil."" Actually, of course, I’cav if any source rocks of 
petroleum experience pressures of this magnitude. “Skin frictional 

(i. M. Kndii'l, I'rogiTss report on API Rcsearrii Projeci 43, “The I raii 5 torni:i' 
lion of Orgaiiir Material into Petroleum,” HnU. .Ini. Assoc. Petrol. Geo/., Vol. 30 
(November, 1946). pp. 1948-1949; H. D. Hedbcrg, "(.ravitalional rnmpaclioii of 
Clays anil Shales,” Am. Jour. Scieme, 5lli Series, Vol. 31 (April, 1936). pp. 241-287. 

TB E. Deri, "The Ori^rin of Petroleum.” Petroleum Development find Technology 
(Am. Inst. Min. aiul Met. Engineers, Petrol. Div., 1938), Vol. 127, p. 106. 

T7 J. E. Hawley, '‘(■cneraiinn ot Oil in Rock.s by Shearing Pressures,” I, Bull. Am. 
Assoc. Petrol. Geol., Vol. 13 (April. 1929), pp. 303-328; II, pp. 329-365; III, Vol. 14 
(April. 1930). pp. 451-481. 
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luat” has been advocaLcd as a factor in the generation of petroleiiin. 
J'hLs heat is supposed to be generated during the lonipaction of the 
source rock, but the speed of movement, which is tjiiite important in 
frictional heat, is so slight in compaction that it is difiicult to visualize 
a significant temperature increase from this cause. 

Just when in the burial process bacteria cease to be active is not 
known. There are those w-ho Ijelieve that bacteria may be responsible 
for the generation of liquid petroleum. “Conclusive proof is still 
lacking that bacteria are physiologically active in subterranean th‘ 
posits of brine or oil, but bacteria are unquestionably functional in 
recent marine sediments to the greatest depths sampled, around 
feet.” But filing questions that bacteria, even if present, would 
produce petroleum; . all studies of such decay have tended to 
confirm the impression that the ultimate enil proihut of all siuli 
decomposition tends to be methane, ami until it has been proved 
conclusively that bacterial decay can produce the higher-molecular- 
weight hydrocarbons, the bacterial theory can only be regarded as a 
tentative solution.” 

Many writers consider a catalyst to be essential to the transformation 
of buried organic debris into oil.”' Substances which have been 
inentioned as possible catalysts inilude especially fuller’s earth and 
other varieties of clay,”- limestone, gypsum, potash minerals, salt, and 
bacteria and their enzymes.”* The possible role of catalysts in the 
evolution of oil is discussed in a subsequent section. 

Heat and Natural Distillation. Some investigators, including 
White and van der Gracfit,”'’’ have .suggested that the pyrobitumeiis 

78 Ralph H. Fash, "Theory of Origin and Arriiiiiidaiion of PcLroleiini." liull. Am. 
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Paul D. Torry, “Origin. Migration, and Accumulation of Petroleum and .Nat¬ 
ural Gas in Pennsylvania,” Problems of Petroleum Geo/ogy (Am. A.ssnr. Petrol. 
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83 Ben B. Gnx, "Traiisfonnalinn of Organic Material into PeiiDleuin under Cien- 
Ingical Conditions,’' Bull. Am. Assoc. Petrol. Geol., Vnl. 30 (May, 1946), p. 653. 
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in organic shales may be decomposed or “cracked" by heat into liquid 
hydrocarbons. Pratt believes that the initial stage in the formation 
of oil is a “cracking" of the organic muds during and following 
compaction to produce methane and a heavy unsaturaied oil. 

In the Anacacho formation in Texas large quantities of rock asphalt 
and tar which occur in close juxtaposition to igneous intrusions have 
been ascribed to the effect of the heat of intrusion on deeper seated 
bituminous shales. 

However, Brooks denies vigorously that petroleum could have re¬ 
sulted from cracking temperatures: . . The discovery of chlorophyll 

porphyrins in asphalt and asphaltic petroleums by I'reibs ... is prob¬ 
ably the most signific ant discovery ever made with respect to the origin 
of petroleum. Its significance is in showing a complete history of tem¬ 
peratures so low as definitely to preclude the formation of petroleum 
by thermal decomposition of fatty oils or any other known likely raw 
material.” 

Natural distillation involves the expulsion through heat of hydro¬ 
carbons in gaseous form from the organic matter in the source rock 
and the condensation of the vapors in nearby or distant rocks. The 
rec|uisites are organic sediment raised to the critical temperature, and 
other rocks, against which the vapors come into contact, below the 
critical temperature. It has been jjointed out that the various con¬ 
stituents of an organic rock would break down into hydrot:arbons at 
different temperatures, and so eadi source rock might have as many 
as five or six increasingly higher critical temperatures at which va¬ 
porization would take place.^'’ 

The locale for the condensation would depend upon the regional 
extent of the elevated temperatures. In areas such as the Michigan 
and the West I exas liasins, which are far removed from zones of 
intense deformation, nearby roc:ks could be below the critical tem- 
pcTature and cause condensation. Under these circumstances, the dis¬ 
tillation process would be practically in situ. At the other extreme is 
the concept of regional distillation which goes back at least as far as 

sn Wallace E. IMall, “Hyilro|*;enaLion and the Oi'i|;in of Oil," Problems of Petro¬ 
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timi ol‘ I'cxas, Pull. Am. Assoc. Petrol. Gecif, V'nl. 12 (October, 192H), p. 1195. 
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1882““ but which has received its strongest support from Rich in 
more recent years. According to the Rich hypothesis, oil is vapori/etl 
in areas of intense mountain folding from carbonaieous shales lying 
beneath overthrust sheets. It is condensed in cooler zones beyond the 
area of extreme metamorphism; however, oil vaporized in zones of less 
intense diastrophism would condense practically in situ. After the 
distillation process is complete, the liquid hydrocarbons would undergo 
extensive secondary migration under the influence of gas pressure and 
artesian circulation. Examples of domestic oil fields that binder zones 
of intense thermonictamorphism cited by Rich include “Ihe belt bor¬ 
dering the Appalachian folds from New York to Oklahoma: the Rocky 
Mountain district, and California.” 

Tiling raises an objection to the geologic distillation concept: . . 

all destructive distillation at whatever temjjeratiire musi leave behind 
a residue or spent. Such a material is readily identifiable and it is 
unlikely that material of this type would have escapetl recognition 
in all the oil fields which have been investigated.” Russell ““ cites 
physical, chemical, and geologic evidence to support his contention 
that geologic distillation of petroleum is not possible. 

Radioactivity. The possibility that radioactive emanations may 
have converted organic matter, buried in the rocks of the earth's crust, 
into petroleum has been investigated by several scientists in recent 
years, and the American Petroleum Institute has sponsored a research 
project in this field.”'* T he radioactive elements that may be present 
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lliiililiiig," null. Am. As.soc. Ppfrol. Grnl., V'nl. II (NnvcrnliEr, 1*127), pp. ll.^!)-1151. 

■'*22 V. C. llling, “The Origin ol' Pelrolfuni,” Srirurtf of PtArotvum (Oxfnril Univ. 
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in sediments in adequate amounts are uranium, thorium, and potas¬ 
sium. Some organic shales have been found to be highly radioactive. 
The radium content of limestone decreases with increasing purity 
whereas that of sandstones is highly variable. Some crude oils are 
radioactive. But it remains to be seen whether these occurrences are 
genetically related or merely fortuitous. 

It has been demonstrated by the physicists that bombardment of 
organic; material, especially fatty acid, by alpha rays will produce 
hydrocarbons, free hydrogen, and c:arbon dioxide. From this fact the 
conclusion has been reached that alpha-ray bombardment of carbona¬ 
ceous shales is adecjuate to explain the origin of petroleum. A possible 
exanijjle that has been cited is the radioactive and carbonaceous 
Antrim shale of Michigan. According to calculations, based upon 
a number of assumptions and therefore “to be accepted with some 
caution,” this shale could contribute 208 barrels of crude oil per acre- 
foot in 10 million years.""’ 

So far, at least, the arguments opposed to petroleum genesis on a 
large scale by radioactivity far outweigh the arguments in favor of it. 
One wonders, for example, why the Devonian Antrim shale has not 
yielded 200-plus barrels per acre-foot in the last 10 million years. 
This shale is over 200 feet in thickness and underlies thousands of 
sfjuare miles: nf)t f)nly should the overlying sandstones be full of oil 
but alsfi Michigan should be exuding oil from every pore. A similar 
example is the kolm of Sweden, a Oambrian deposit containing 20 |jer 
cent volatile organic matter and nearly O..'? per cent uranium."" An 
extreme case is the occurrence of thiicolitc, a solid hydrocarbon, in 
strongly radioactive pegmatite at Parry Sound, Ontario. In neither 
the Antrim shale, the Swedish kolin, nor the Ontario thiicolitc is any 
liquid petroleum present, although at each locality solid organic mat¬ 
ter, or hydrocarbon, has been exposed to strong radioactive bombard¬ 
ment for hundreds of millions of years. As a matter of fact, there is 
no correlation between the degree of radioactivity and the amount of 
oil. In addition to organic sediments exposed to radioactivity but 
without oil are nil deposits where there is, and always has been, 
little or no radioactivity. 

'•B C. W. Slicf^piiril and W. L. Whiiehead. op. ril. 

WB AVilliam L. Russell, ‘'RL'hiiion of R:ulio:ini\ iiy, Orj^anic CoiUerii, and Sedi- 
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Agents and Processes 

Several writers have pointed out the usual absence of free hydro¬ 
gen and carbon dioxide in petroleum and natural gas and associated 
sediments, yet radioactive bombardment should ])roducc copious quan¬ 
tities of these substances, as well as hyilrocarbons. Knebel wonders 
“why after the fatty acids are decarboxylated by radioactivity, the same 
radiations do not furtlier break up the resulting hydrocarbon mole 
cules. with production of hydrogen and unsatiirated hyilrocarbons.” 

Geologic Time as a Factor in the Generation of Oil. It lias been 
demonstrated by several investigators that the formation ol bitumen 
from carbonaceous matter is a function of both tem])erature and time. 
Laboratory work by Maier and Zimmerly on samjjles of Green 
River oil shale in which a bitumen, not analy/ed but soluble in 
carbon tetrachloride, was produced led to the conclusion . . that 
the amount of bitumen that can ultimately be formed does not depend 
iqion the temperature but that the same ainount can be obtained 
|jroA’ided ihat the time of heating is sulTiciently long.” According 
to calculations, to convert 1 per cent of organic material into bitumen 
at 100° C. would take 84,000 years: the same conversion at 80° would 
take 7,000,000 years, and at 60° the time would be 67,000,000 years. 
:\nalogous results were ulitaincd by I’rask from recent sediments 
from the Lake Maracaibo floor. 

The theory that a moderate increase in temperature will produce 
the same results in geologic time that a relatively high temperature 
will accomplish in a few minutes has been likened to the fact, known 
to all cooks, that a low oven temperature, given time eiiougii, will do 
just as thorough a job of cooking as a liot oven.*“’‘ Ihit Illing ques- 

lUMi jiiTiiiii T. Itniiiks, “I'he Chemical ami (icncheiiiiral A.s|il‘i:1s oI I he Oi if'iii 
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tions the general conclusion that bitumen formation will Lake place 
at low temperatures regardless of the period of time involved. He 
found that the reaction velocities of a typical cannel coal that he inves¬ 
tigated diminished much more rapidly than the calculated rate below 
2.50° C. and approached "virtual stagnation" at about 220° C. Both 
llling and Brooks point out that the survival of organic material 
in oil shales as old as pre-Cambrian is inconsistent with the theory 
that such matter would be cfinverted into bitumen at moderate tem¬ 
peratures if given sufhcient time. Similarly, there is no significant 
difference between oil shales of I'ertiary age and those deposited dur¬ 
ing the Paleozoic era.^“” It is probable that each type of carbonaceous 
matter has its critical temperature below which conversion to bitumen 
is either impossible or too slow for even geologic time. 

EVOLUTION AND METAMORPHISM OF PETROLEUM 

1 he translonnation ol solid organic matter into lic|uid hydrocarbon, 
although essential, is but a single chajiter in the natural history of a 
petroleum deposit. The oil that is generated is, as was the mother 
material, subject to the geological agents and processes at work within 
the earth’s crust. As a result, the oil changes in nature; the degree 
of its evolution and metainorphism depends upon the intensiiy and 
duration of such geological forces as heat and pressure. 

I'here is no doubt that oil in nature’s reservoirs doc‘s undergo pro¬ 
gressive change. Barton and others have pointed out that in the 
Gulf (^oast, lor example, the petroleums occurring in sandstone reser¬ 
voirs of the same age increase in lighter constituents and Baume 
gravity, and decrease in heavier constituents, with depth. The lighter 
constituents arc also more abundant in the oils that occur in the older 
reservoirs where the depths are the same. From these studies it can 
be concluded that the heavier oils are the more primitive and that 
"the varying character of the pre.sent normal crude oils represents 
merely diflerent stages in the alteration of the crude oil." 

AGENTS OF EVOLUTION AND METAMORPHISM. The 
principal agents operating on petroleum are heat and pressure. These 

los Hcnjamin T. Brnnks, •'Oiigiii ot Peiioli-iiins. Chcmiral and G^Drliemical 
.\spEC:is.” BhU. Am. Assoc. Petrol. Geol., \'ol. 20 (March, 1036), p. 2H0. 

loB Alex. \V. MrCov and W. Ross Keytc. ‘‘Present InIcrpreCatinns of the Striiriural 
Theory for Oil and Gas Mii^raiinn and Accumulntiun.'’ Problems of Peirtileum 
Geolof^' (Am. .Assoc. Pcirol. Gtol.. IPSI), p. 263. 

loT Dniiald C. Barton, "Natural Hi.siory of the Gulf Gnasi Crude Oil," Problems 
of Petroleum Geology (Am. As.soc. Petrol. Cicol., 13.31), pp. 103-156. 
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Oil Fields and Metamorphic Rocks 

same forces, with the aid of interstitial water, are the agents of rock 
metamorphisni. However, there is a wide difference between the tol¬ 
erance limits of oil and rock. Pressure and heat of such magnitude 
as to cause visible rock metamorphism are too intense to permit the 
continued existence of petroleum within the rock. Only enough tem¬ 
perature and pressure increase to produce incipient metamorphism 
of rock, measured by the increased hxed-carbon content of associated 
coals, apparently is necessary to bring about considerable change in the 
quality and nature of crude oil. 

Petroleum in place underground is ordinarily not adected by the 
pressures to which the enclosing rock is subjected. It occupies the 
interstices between the grains of the rocks, and the static weight of 
the overlying rock, or the lateral forces created by diastrophism, are 
borne by the rock itself and not by the contained fluids. However, 
the petroleum is subjected to hydrostatic pressures created by the 
weight of an overlying column of water extending to the water table. 
In decf)ly buried rock these arc considerable. 

Both the oil and the enclosing rock experience the same earth tem¬ 
peratures. The usual cause of heat is the rise of the isogeotherms, 
levels of equal earth temperature, which takes place as sediments are 
buried. 'Die average temperature increment with depth is 1°F. for 
each (iO feet. Obviously, deeply buried oils arc heated to temperatures 
in excess of the sea-level boiling point of water. Other pr)ssible causes 
of heat include diasLroj)hism and magmatic activity. But diastro- 
jjliism, in order to produce heat, must be of shearing intensity, and 
inagniaLic heat is so lotal in nature that neither of these causes can 
lie considered to be of widespread application in the evolution of oil. 
There are still other possible sources of heat, such as radioactivity, 
about which we know very little. 

Another possible agent in changing the character of petroleum 
underground is ground water. Water, especially if sulfurous, may 
interact chemically with oil. Whether bacteria are active in the 
deeply buried oil deposits is debatable, but there is no doubt that 
bacteria work on oil deposits which have been exposed, or nearly so, 
by erosion. 

DISTRIBUTION OF OIL FIELDS AND METAMORPHIC 
ROCKS. Oil has not been found in commercial amounts in belts 
of metamorphic rpek. It has not even been found where the coal has 

M. R. Campbell, "Coal as a Recorder of Incipient Rock Metamorphism," 
Eron. Gfol., Vol. 25 (November, 1930). pp. 675-696. 
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hcjen altered to anthracite. Thom estimates the chances ol finding 
oil in areas of semi-anthracite and semi-bituminous coals to be of the 
fjrder of I in 1 ()()(); the chances for gas, however, are ten times greater. 

An exception to the generalization that oil does nt)t occur in meta- 
morphic rocks may be f()und where porous and permeable meta- 
morphic rocks are in contac t with younger source rocks. 

Carbon Ratio. Where the metamorphism is invisible but incipient, 
it can be determined by the carbon ratio of coals. The carbon ratio 
is the ratio between the fixed carbon and the volatiles. It can be 
obtained from the proximate analysis; the percentage of fixed carbon, 
after recalculating on an ash- and moisture-free basis, is the carbon 
ratio. 1 he carbon ratio of lignite is below GO, bituminous coal ranges 
from GO to Hf), anthracite from BG to OH, and graphite, the end point 
in the metamorphism of coal, has a carbon ratio of 100. 

'I'he carbon-ratio concept can be applied in regions, such as the 
Ap|)alachians and eastern Oklahoma, where both oil and coal occur, 
riie usual procedure is to enter on a map the localities and carbon 
ratios of coals for which analyses are available, rhen isovols or 
isocai bs, lines through points of ecpial c arbon ratio, are drawn, usually 
with an interval of 5 per cent. Aclually, of course, the lines mark the 
outcrop of j)lancs of CHpial carbon ratio; these planes dip toward the 
area of more intense deformation so that at a given point the fixed- 
carbon jjercenlage increases vvilh depth. 

Ihv isocarbs in the Ap|)alachian j^rovince parallel the strike of the 
roc ks and inc rease in value to the east in the direction of most intense 
diastrojdiism. Roth here and elsewhere it has been found that there 
is very little oil above the isocarb and not much gas above the 70 
»>c:ctii, but they are infiecjiient: an outstand¬ 
ing excej3tion was the discovery of a gas field in Rockingham County, 
V’irginia, close to the 85 isocarb. 

I he nature of the rocks is a factor in the degree of metamorphism. 
If the sediments are largely iinconsolidated. they can be intensely 
folded wilhoiit much mctamorpliism. Tor example, the Fertiary sedi- 
meiils of California are more highly folded and less metamorphosed 
than the iiuluiatcd Paleozoic rocks of western Penn.sylvania. Also 
rocks u’hich yield readily by folding or faulting will be less meta- 
morphc3scd than more rigid associated rocks. This is an explanation 

Ml' Williaiii F inlor I hoiii, Jr., “Pic.sL-iit .StaUis of Cai t)nii Ratio Tlu-oi v," ProbJpttu 
of Pelrolrnni (irology A.ssm. Petrol. Gcol.. Tulsa, 1931), pp. fi!)-n5. 
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lor ihe occurrence of conimercial deposits of oil in some localities of 
apparent high carbon ratio in the Appalachian province; the metu- 
morpliisin has been less because of the ability of the rocks to yield. 

There are conflicting views as to just why there is little or no oil 
above the 65 per cent fixed-carbon line. One thought is that the 
inetainorphisin, even though it may be only incipient in terms of 
rocks, has destrr)yed the oil that existed there at one time. This idea 
is supported “. . . by evitlence that oil pools once existed in the region 
betw^een the present fields and tlie metamt)rphosed belt. Oil-impreg¬ 
nated sands crop out at the surface and have been found by drilling, 
but the oil is only a residue, wrajjped around individual sand grains. 

” ji.j Yhc other view is that metaniorphisin first creates the oil 
and then, as intensity increases, drives it out of the rocks.^^^ 

In conclusion, it is obvious that even the early phases of meta- 
iTiorphism are inimical to the survival of hydrocarbons, especially oil. 
Where coals are available for analysis, the carbon-ratio concept has 
decided value, although negative in nature, in the search for new oil 
and gas fields. Deposits may be found in regions lying abtne the 
lixed-carbon limits stated, but the chances of such discovery are very 
much less than they are in areas of lower carbon ratio. 

PROCESSES. The processes by which petroleum evolves are as 
yet largely conjectural. Trask believes that only a small amount 
of “ancestral ])eLroleuiTr' need be formed as a starter and that the 
volume would increase greatly by the solution of organic solids siuh 
as pigments, waxes, and fatty acids, whif:h the liejuid met in its travels. 
With the solution of this organic matter, the ancestral petroleum 
would evolve into true petroleum. According to Lind; “. . . we now 
know processes either thermal or ionic by which |jrogression both up 
and down the hydrocarbon series is ellected, starting from any member 
in the series.” Processes which might produce hydrocarbon evolu¬ 
tion or devolution include cracking, distillation, hydrogenation, poly- 

112 K. C. llL'iilct, "I'-ssi’iilials tor Oil Pools," FAcmv}ifs of the Pelrolpuni luduslry 
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nieri/ation, and contamination. Some of these have already been 
considered as possible processes in the transformation of solid organic 
matter into liquid petroleum. 

Cracking. According to White/^' the higher pressures and tem¬ 
peratures accompanying each advance of orogenic stress would cause 
cracking of the oil held in natural storage. Each such cracking would 
yield hydrocarbons lighter than before; the end product would be gas 
and possibly solid or semisolid residual carbon. I'he cracking concept 
does explain the presence of light oils and gas only in some regions 
of high carbon ratio. However, in parts of the Rocky Mountain prov¬ 
ince the quality of the oil does not appear to be related to the degree 
of tectonic compression.^Cracking ol petroleum by alpha radiation 
has also been suggested. 

Distillation. If geologic distillation of petroleum from solid organic 
matter is possible, it is also conceivable that petroleum could be 
further distilled by increased earth temperatures. Rich explains 
the disappearance of oil from the high-carbon-ratio rocks as being due 
to volatilization, with condensation taking place in the cooler zones. 

Hydrogenation. Hydrogenation is a refinery process in which 
hydrogen is added, with the aid of a catalyst, to low-hydrogen hydro¬ 
carbons so as to yield higher-hydrogen hydrocarbons. Prati has 
been a foremost advocate of petroleum evolution by natural hydro¬ 
genation. He believes that a heavy oil and methane arc first produced 
by f racking of the organic muds, followed by “the slow long-continued 
hydrogenation or niethylation of the unsaturaled heavy oil in these 
reservoirs simultaneously with further slow cracking to lighter and 
lighter oils.” 

File availability of suffif ieiit hydrogen for large-scale hydrogenation 
has been questioned. I’ratt utilizes associated methane for the source 
of hydrogen. Others have postulated hydrogen released from the same 
source rocks, or from deeper rocks, perhaps owing to radioactive 
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bt)mbardmenL^-=* It has also been suggested that a series of reactions 
starting with calcium sulfate and organic matter would yield hydrogen; 

( 1 ) CaS04 + Organic matter = CaCOa + H2S + H2O -|- Organic matter 

(2) FeCOa + HoS = FcS + H2CO3 


Polymerization. Polymerization is another refinery process, but it 
has the opposite result from hydrogenation. By polymeri/ation, light 
hydrocarbons, especially methane, are converted into heavier hydro¬ 
carbons (such as gasoline). The process is favored by high pressure. 
Whether polymerization lakes place in nature is questionable. 

Contamination. Most of the chemical compounds that make up 
crude oil are susceptible of reaction with foreign substances. The 
contaminating material may be (1) minerals in the rocks with which 
the oil comes in contact during its travels; (2) compounds in solution 
in circulating waters; and (8) oxygen and other gases in the atmosphere. 
Exposure, or lor that matter a lessening of the reservoir pressure as 
the surface is approached, would permit escape of dissolved volatile 
cr)nstilucnLs that would leave a heavier residue. Weathering processes 
and escajje of volatiles may have taken place in the geological past 
below what are now unconformities. Contamination of crude oil by 
sulfur or oxygen would reverse natural evolutirin and produce heavy, 
unsaturated oils.^-^ It has been suggested that the low specific gravities 
of many limeslone oils have been due to "the selective absorption of 
the lighter constituents by the limestone in the reservoir." On the 
other hand, Brooks believes that clay and other minerals have a 
catalytic action that is an important factor in the evolution of pe¬ 
troleums; the absence of such catalysts in carbonate reservoirs is the 
reason given for the presence of heavier (more primitive) oils in such 
environments. 
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Conclusions. There is no doubt that oil docs undergo change ivhile 
in natural storage. I'lie initial petroleum is jjroliably a semi-liquid 
asphaltic: iiiaterial which evolves into lighter oil and eventually, 
i! the j)roLess is not interrupted, into gas. The Alhabaska lar sands 
may rej)resent an early stage in this evolution. The heavy oil occurs 
as a film surrounding sand grains. It is too viscous to migrate. The 
suggestion has been made that a moderate increase in heat would make 
the oil more licpcid, and abrasion during diastrophism would release 
tlie oil Irtini the sand grains so that it could migrate intr) a trap.^-^ 
ConLaminalion and devolatili/ation will cause a reversal ol the 
usual evolution and may e\cn result in the re-Jormation ol asphalt. 

'] lie processes responsible lor the devolution ol nil are lairly well 
imdeistood, hut we are still iineertain as to the processes that cause 
hydnnaihon evolution. It is probable that a moderate increase in 
Lenqierature acting river a long jieriod ol time will cause internal 
molcf iilar rearrangements that will result in an intrease in the lighter 
hydrocai hons. Whether the actual process is cracking, hydrogenation 
(or melhylalion), or something else remains to be seen. 

The evolution ol jic troleiim that takes plate in nature’s laboratory 
has given rise to ceriain generalizations, which, like all generalizations, 
are siihjei t to exception. The two most common ones are “the deejier 
the oil, the lighter the oil” and “the older the oil, tlie lighter the oil.” 
A third genetali/aiion, with considerahly less aiiplicability, is “the 
sharper the Jold, the lighter the oil.'* 

ORIGIN OF NATURAL GAS 

Much less, proportionately, has been wriiten about the origin of 
natiiial gas than about the origin ol petroleum. Ajipareiitly it has 
been assumed that iietnileuni and naiiiral gas have a like origin, but 
this is not necessarily so. 

The term “natural gas” usually implies hydiocarhons in gaseous 
form, rile (ommoiiest and most stable ol these gasenus hvdrorarbons 
is methane. Cill.j. Also present may be other gaseous hydrocarbons 
including ethane, propane, and hiiiane, and perliaps pentane, hexane, 

viiT K. Hcrl. “ I'liu ()ri.i<iii nl rL-iroleiiin,” PvhttUutn Drvplojnufnt njid Trrhnolni^^ 
(Am. Iiisi. Min. Mii. r.n^iiiL’LMs, iili'iiiii l)iv., I i;iii.s.. '\ nl. 1127, New \mk, liCSH), 
p. lOli. 

Max. \\'. Hall, "Slf|)s in llic l-'niinalinn nl an Oil l icld,” Aw. Assoc. Prfrol. 
Gcol., l^io^ynw 2^/// Anniinf (l!Mt)), p. 28. 

C;. M. kiiL'hcl, ■■ rn>ni i-.s.s Kcpiiri iin A.IM. Rc.sL'aiLh Ci njcrl 13." Hull. Aw. 
Assoc. Petrol. iWoL. Vnl. 30 (NDvcinliur. IDJC). p. 1917. 
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rind heptane as vapors. In addition, certain non-hydrocarbon gases 
cither may be present with the hydrocarbon gases or may occur in 
separate accumulations. Among these erratic constituents are hydro¬ 
gen sulfide, carbon dioxide, nitrogen, and helium. Their origin will 
be discussed subsequently. 

Natural gas may occur in five different environments: (1) dissolved 
in petroleum; (2) with the oil but overlying it ("gas cap”); (3) in the 
same trapping structure as oil but occupying different (usually higher) 
reservoir beds; (4) in oil-producing districts but ociiipying separate 
traps; and (5) in accumulations remote from known oil deposits. His¬ 
tory has shown that many gas fields which originally fell in the fifth 
category have been found, upon further ex])lora(ir)n, to belong in 
cither the third or fourth. A number of large gas fields, especially in 
northern Louisiana, southwestern Kansas, southwestern Wyoming, 
and eastern Montana, arc some distance removed from the nearest 
known oil. Many geologists believe that it is just a matter of time 
before large oil deposits are found either beneath or in the vicinity 
of these gas ac c uinulations. 

There are two general theories concerning the origin of natural 
gas: (1) the gas has separate genesis from oil and may never have 
been associated with liijuid petroleum; (2) gas is a by-product, or an 
end product, of the origin and evolution of petroleum and was at 
one time in liquid phase. 

NATURAL GAS WITH SEPARATE GENESIS FROM PETRO¬ 
LEUM. There is no doubt that some gas has formed directly from 
jjLitrefying organic matter without passing througli a liquid hydro¬ 
carbon phase. The so-called “marsh gas,” which is generated during 
the decay of vegetal matter in bogs and swamps, is a well-known exam- 
])lc of this, bacteria aid in the generation of marsh gas, wdiich is nearly 
pure methane. A similar gas may be produced by decaying animal 
matter. Methane from clay or mud that contains an abundance of 
clams has been reported from at least two places; in one of them, the 
gas is present in sufficient volume to permit its local use in gas 
ranges.^®" 

Another well-known occurrence of methane gas not connected in 
any way with the formation of petroleum is the coal gas which is 
generated from the fresh-water plant remains composing the coals 
and which accumulates both in the coal scam and in any overlying 
porous rocks that may be present. It has been suggested (1) that oil 

lao F, M. Van Tuyl and Ben H. Parker, "The Time of Orinjin and Accurnuiation 
of Pciroleiim,” Qiiartprly Colo. School of Mines, Vol. 36 (April, 1941), p. 49. 
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is derived from organic matter accumulating under marine conditions 
but that gas comes from land plants, and (2) that oil is generated from 
source beds which carry a “rich microflora’’ and that gas is derived in 
large part from coarse vegetal matter.’*^ Price and Headlee in a 
study of the natural gas in the Appalachian province, found that near¬ 
surface and coal gases are high in methane, whereas the deeper gases 
occurring in the Appalachian oil measures have less methane and 
more of the other hydrocarbon gases. They conclude that the gas 
in both places was generated from decaying vegetal matter, but that 
the deeper gases have interacted wdth the residual solid organic matter 
to produce not only the other hydrocarbon gases present but also the 
lifjiiid hydrocarbons rjcciirring in the associated oil helds. 

Methane can also occur through inorganic processes. It has been 
detected in the gases given off by volcanoes. Baker suggests that 
methane and other hydrocarbon gases may be produced by contact 
inetamorphism througli the combination of carbon from carbonaceous 
rocks with dissociated water vapor caused by the intrusion of molten 
rocks. 

NATURAL GAS DERIVED FROM PETROLEUM. According 
to the commonly held concept of the evolution of petroleum, methane 
is the end product in that chain, and the other hydrocarbon gases lie 
close to the end. As oil increases in age or in depth of burial or in 
degree of diastrophism of the enclosing rocks, it changes, with some 
excej)Lions, from asphalt to lighter and lighter hydrocarbons, includ¬ 
ing gaseous hydrocarbons. Perhajjs the best example of the applica¬ 
tion of this theory is the presence of natural gas in considerable 
abundance in the Appalachian province beyond (to the east of) the 
“extinction zone,” where the carbon ratios run above 6.5 and the 
oil fields tend to disappear.^*''^ 

J’he best testimony, however, for the generation of gas during the 
natural evolution of jietroleum is the almost invariable association of 

13* Paul I). I'niruy, anil Artiiiiiiilulinii of Pclrnlcum and 

Niiliii'Lil r»:is ill rfiinsvlviiiiia," Pruhlpmx uf Petroleum Geolofry (Am. Assoc. Pcrrol. 
m\), pp. 4I7-4H1. 

132 Paul H. Price and A. J. W. Headlee. '‘Geochcniislry of Naliiral Gas in 
Appakirhian Province," Hull. Am. Assoc. Petrol. Geol., Vnl. 26 (January, 1942), 

pp. 

133 Charles Laurence Uaker, "Po.ssilile Disiillaiion oi Oil frrini Organic SedimeiiLs 
liy Heat and Ollier Pruce5se.s of Igiienus Iiilru.sions; Asphalt in the Aiiacacho 
rfirmalion of Texas," Bull. .4m. Assoc. Petrol. Geol., \o\. 12 (Ocloher, 1928), 
pp. 99.')-!003. 

i3« C. David While, ‘'Effects iif (>eophy.sical Factors on the EvDlution of Oil and 
Coal," Jour. Inst. Petrol. Technolofri.sts, Vol. 21 (April, 193,5), pp. ,301-310. 
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the two together in nature, as outlined in the introduction to this 
section. Most natural gas occurs either within oil, in the gas cap of 
an oil deposit, or in a nearby reservoir. Natural gas has considerably 
greater mobility than oil, and once it has separated from the oil, it 
may travel through paths which the oil cannot follow and thus accumu¬ 
late in separated reservoirs. In all probability, the “mother lode” of 
each currently isolated gas field will some day be discovered. Because 
of the general wider spread of gas deposits, the discovery of gas has 
preceded that of oil in most areas in the past. 

The direct generation of gas from decaying organic material is not 
and cannot be denied; it is doubtful, however, that the major accumu¬ 
lations of natural gas have had this origin. 

Origin of the Non-Hydrocarbon Natural Gases.^"''' Hydrogen sul¬ 
fide is the only one of the four “erratic” gases considered here that 
commonly occurs with and has distribution approaching that of 
petroleum and hydrocarbon gas. At the same time, it is the only 
non-hydrocarbon gas which may come from the same original source 
materials as methane gas. Hydrogen sulfide and other sulfur com¬ 
pounds are produced by the decay of organisms under reducing 
(euxinic) conditions. This sulfur may become “fixed” as FeSo (mar- 
casite or pyrite); it may escape in gaseous form or dissolved in water; 
or it may become trapped with the hydrocarbon-yielding material, to 
reappear later in natural gas or in high-sulliir crude oil. 

Carbon dioxide occurs in a few instances with petroleum and 
hydrocarbon gas, but this association is probably fortuitous. Most 
of the known carbon dioxide accumulations, including all the large 
ones, are in localities which are not (as yet at least) productive of 
hydrocarbons. Carbon dioxide has been found in volcanic gases and 
in fumaroles; the calcination of limestone by intrusive magmas should 
also yield this compound. Generation by bacterial action and release 
from limestones undergoing ground-water solution are among other 
possible origins that have been suggested for this gas. There is no 
general agreement as to which, if any, of these sources has been 
responsible for the large deposits found in some of the western states. 

Helium and nitrogen are usually, but not necessarily, together. 
Helium is much less abundant than nitrogen, but because of its 
value, it has received far more attention in the technical publications. 
Its presence is also easier to explain. Helium is a product of radio- 

135 c. £. Dobbin, “GEology of Natural Gases Rich in Helium. Nitrogen, Carbon 
Dioxide, and Hydrof^en .Sulphide," Geology of Natural Gas (Am. Assoc. Petrol. 
Geol., 1935). pp. 1053-1072. 
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at live disintegration; during geologic time, a considerable volume of 
this gas, which could become trapped in the overlying sediments, 
might be released from radioactive minerals in the pre-Cambrian 
crystalline rocks. In this regard it is interesting to note that a 
pegmatite deposit famous for its radioactive minerals lies at the 
surface of the stripped pre-Cambrian in the Central Mineral Region 
of Texas, a few hundred miles southeast of the Clilfside structure in 
the Panhandle, where Permian reservoirs overlying the buried pre- 
Cambrian Amarillo Mountains contain the largest known helium 
deposit. Again it is prf)bably coincidental that some helium occurs 
with hydrficarbon natural gas; both types of gas merely happened to 
get caught in the same trap. 

The source of the nitrogen is the greatest mystery of all. It is 
probable that, like the helium, it came from the crystalline basement 
rocks, but the only explanation that comes to mind for its occurrence 
there is that it is residual magmatic gas. Nitrogen has been detet ted 
escaping from a number of metal mines, in some places in lethal 
(because of its non-respiratory characteristics) i|uaiitities.‘‘'* Riiede- 
manii and Oles^'*' have suggested that the nitrogen may be residual 
from air trapped in the strata at the time of deposition. However, 
there is a (|ueslion whether air could be trapped in adei|uaLe volume 
in sediment accumulating beneath water. 

PROBABLE SOURCE BEDS IN OIL FIELDS 

Many students of individual oil liehls have attemjned to designate 
the source rock or rocks that provided the oil. In almost no instances, 
however, has it been possible to prove deliniiely that the oil acuinlly 
came from a certain rock unit. Perhaps the best case for positive 
identification of the source rock is in the “shoestring” sand por)ls of 
southeastern Kansas and northeastern Oklahoma, w'here the oil-filled 
sand lenses are completely surrounded by the highly carbonaceous 
Cherokee shale,but even the designation of this shale as the source 
rock for the oil in the sandstones has been questioned.^^** 

C. K. Dohhiii, op. cit., p. 1061. 

!<'■' Paul KiiL‘iltMiiiiiiii and L. Af. Olcs, ‘‘Hcliiini—Its Probable Origin and CniiLcn- 
lialioii ill llic Amarillo Field, Texas," Bull. Am. Assoc. Petrol. GeoL. \'ol. 13 
Only. U)2!)), pp. 7.99-810. 

13’ L. N. Neuinann, N. W. Bass, R. L. Ciinter, S. F. Mauney, Charles Ryniker. 
and H. M. Sinith, "Relalinnship of Crude Oils and Sirali^rapliy in Parts of 
Oklahoma and Kansas," Bull. Am. Assoc. Petrol. GeoL, Vol. 25 (.Septemher, 19*14), 
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13UJ. I.. Rirh, "Funninn of Carrier Beds in Long-Distance Migration of Oil. " 
Bull. Am. Assoc. Petrol. GeoL, Vol. 15 (August, 1931), pp. 911-924. 
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It is not sufficient to find an organic rock in the same section with 
oil reservoir rocks. Some organic rocks may not have yielded a drop 
of oil, whereas others may have yielded much oil. The actual source 
rocks may, as a matter of fact, have less organic content at the present 
time than other carbonaceous rocks in the section. Since it is unlikely, 
however, that all the possible oil was generated during the oil-forming 
period, the source rock should have some carbonaceous matter left. 

Attempts to identify the source rock are more than mere academic 
exercises. When and if it becomes possible to determine, with some 
certainty, the source rock in an oil field, the lateral changes in the 
characteristics of that source rock become of utmost importance in oil- 
finding. 

IDENTIFICATION OF SOURCE ROCKS. Many geologists have 
stated their belief that a certain rock unit was the source of oil in a 
given oil field, usually basing this conclusion only upon propinquity 
of an organic rock to the reservoir rock and upon the difficulties of 
migration from a more distant source.^'^” Unfortunately, source rocks 
contain no obvious clues by which they can be recognized. Although 
they may have yielded thousands of barrels of oil to the reservoir rocks, 
they contain today not one recognizable drop. From this. Hoots 
logically concludes “that the process of oil generation and migration 
from the shale is now essentially complete." 

A few have tried to establish criteria for the identification of source 
rocks. Heald, for example, believes that the source rock must be 
between the reservoir rock and the nearest overlying and underlying 
aquifers: "If, in an area of hundreds to thousands of square miles, 
some particular permeable formation contains oil where 'tra])s' or 
‘structures’ exist, and other permeable formations above and below 
the oil-yielding one commonly contain water and no oil, it follows 
that the oil must originate in the rocks between the water-bearing 
formatif)ns and the oil-bearing formation. It seems probable that the 
oil originates either in the formation immediately below the permeable 
oil-yielding stratum or in the lower part of the formation immediately 
overlying the oil-yielding stratum." Hedberg, Sass, and Funk- 
houser believe that the shales immediately above and below each 

140 F. M. Van Tuyl and Ben H. Parker, "The Time of Origin and Accumulation 
of Petroleum," Quarterly Colo. School of Mines, Vol. 36 (April, 1941), pp. 13-29. 

141 Harold \V. Hoots, "Origin, Migration, and Accumulation of Oil in California," 
Calif. Div. Mines, Bull. IIB (August. 1941), p. 260. 

^42 K. C. Heald, "Essentials for Oil Pools,” Elements of the Petroleum Industry 
(Am. Inst. .Min. Met. Engineers, New York, 1940), Chapter IV, p. 26. 

14.S H. D. Hedberg, L. C. Sass, and H. J. Eunkhouser, “Oil Fields of Greater 
Oficina .Area. Central Anzoategui, Venezuela," Bull. Am. Assoc. Petrol. Ge.ol., Vol. 31 
(December, 1947), p. 2137. 
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of the productive sands in the Greater O^cina area of Venezuela were 
the source rocks. They point out that these shales are gray, owing 
to the presence of finely divided carbonaceous matter, whereas the 
overlying Freites shales, which are associated with barren sands, are 
green and lack carbonaceous matter. 

'I'he organic composition, especially the amount of microscopic 
algae present, was considered by Charles David White in identify¬ 
ing probable source rocks. Algae-rich rocks were considered to be 
source beds, whereas rocks of equal or even greater vegetal content, 
if the plant material belonged to the higher orders (mainly terrestrial 
types), were rejected as possible source rocks. In his first investiga¬ 
tion, 'rrask analyzed some susjjecied source rocks along with the recent 
marine sediments. He found that two suspected source rocks, the 
Monterey of C^alifornia and the Eagle Fr)rd of Fexas, are richer than 
the best marine deposits. On the other hand, some suspected source 
beds yielded no oil by distillation.’*"' In a later investigation Trask 
and Patnode’ "* worked specifically on characteristics of the sediments 
that might be used as criteria for recognizing source rocks. Four 
of the eight characteristics—the volatility, the relative volatility, the 
carbon-nitrogen ratio, and the nitrogen-reduction ratio—gave some 
promise, especially the nitrogen-reduction ratio. I'his is simply the 
ralio of the nitrogen content to the reducing power. Source beds are 
])robably those of relatively low oxygen content, which would be re- 
llected by a low nitrogen-reduction ratio. Frask and Patnode found 
that the sediments immediately adjacent to reservoir roiks had a lower 
nitrogen-reduction ralio, as a general rule, than those farther removed. 
The conclusion to be drawn from this w^ork is that the source rocks 
tend to occur close by the reservoir rocks (or vice versa). 

Snider made an extensive survey of the literature published on 
oil fields and submitted a list of conclusions. He believes that source 
beds are usually close to the oil reservoir rocks. The quantity of the 
organic material in source beds is highly variable. A prolific pool 
may be due to the presence of rich source material in a restricted area 

H I C. Diiviil Wliiic, '‘Gcrilngy iiiul Ocriirrcnrcs nf I’clrolciim in the United 
Sc.iics." Petroleum luvestifralinu Part II (IT. S. 73rfl Congress H.R. CmnmiUcc on 
Inlerstnle anil Foreign Conimerce Hearings hefore a SiibcommiUce on H.R. 441), 
1931, p. 899. 

Parker D. I rask, et at., Origin mid Environment of Source Sediments of 
Petroleum (Gulf Publishing Co.. Hoiislon, Texas, 1932), p. 219. 

t-tB Parker D. Trask :ind H. AVhilman Patnode, Source Beds of Petroleum (Am. 
Assoc. Petrol. Geol., Tulsa, Okla.. 1912). 

14T L. C. Snider. "CiirrenL Ideas Regarding Source Beds for Petroleum,” Problems 
of Petroleum Geology (Am. Assoc. Petrol. Geol., Tulsa, 1934), pp. .51-66. 



171 


Geologic Age of Source Rocks 

or to the gathering of oil from leaner source rock over a much wider 
area. In Snider’s opinion, the number one source rock is shale, 
usually, but not necessarily, dark gray, chocolate brown, blue, or 
black. However, other colors, especially red, may mask the dark 
coloration that denotes organic malerial. Limestones and sandstones 
may be source as well as reservoir rocks. 

POSSIBLE FRESH-WATER SOURCE ROCKS. The traditional 
view that source materials must be deposited in marine environment 
was given earlier in this chapter. Recently, however, oil has been 
discovered in occurrences difficult to exjjlain by migration from marine 
source rocks. In the Rocky Mountain province, oil and gas have 
been found in non-faulted, non-marine. Tertiary strata in both the 
Powder Wash and the East Hiawatha fields. A field in Shensi 
province in China has been described in which both the reservoirs 
and the probable source rocks occur in a thick series of early Mesozoic 
continental rocks. Several recently discovered California fields are 
also producing from continental rocks, and the probable source rocks 
have similar origin. Noble classifies the current belief that oil 
cannot come from a fresh-water source as one of the “prejudices” 
restricting the discovery of new oil fields. 

GEOLOGIC AGE OF ALLEGED SOURCE ROCKS. No doubt 
potential source rocks were deposited somewhere during every geo¬ 
logical period. As would be expected, the periods of greatest marine 
submergence cimtain the largest number of possible souri:e rocks. 
Periods of benign climates with most luxuriant plant growths also have 
an unusual number of possible source rocks. 

The better known of the alleged source rocks are organic shales of 
wide areal distribution. Among the most famous of these are the 
Utica and other Ordovician .shales, the widespread Chattanooga shale, 
which is of Devonian-Mississippian age, the Cherokee shale of the 
Mid-Continent Pennsylvanian, the Eagle Ford shale of Texas, and 
the Monterey shale of the California oil fields. 

ns w. T. Nighiin^ale, “PelrolEUin and Naliiral tias in Non-Marine .SEflimEnl.s 
of Powder Wash rield in Northwest Colorado,'’ Hull. Am. Assoc. Petrol. GeoL, 
Vol. 22 (August, 193H), pp. 1020-10-17. 

C. £. Dobbin. ‘‘Kxceptional Oil Fields in Rocky Mountain Region of IJnilcd 
States," Bull. Am. Assoc. Petrol. Geol., Vol. 31 (May, 1917), pp. 797-K2.^. 

H. Pan, "Non-Marine Origin nf Petroleum in North Shensi, and the 
Cretaceous of Szechuen, China,” Bull. Am. Assoc. Petrol. Geol., Vol. 2 .'j fNoveinber, 
1941), pp. 2058-2068. 
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RELATIONSHIP BETWEEN PRESENCE OF POSSIBLE 
SOURCE BEDS AND DISTRIBUTION OF OIL FIELDS. The 

imporunce to be attached to the presence or absence of possible 
source beds in an area undergoing exploration depends to a con¬ 
siderable extent upon the distance through which one will concede 
that oil can migrate, a subject to be discussed in the following section. 
Those who believe that oil can migrate no great distance consider 
the nature and abundance of source material of utmost imporLance.^^- 

riie erratic distribution of oil can be most easily explained by varia¬ 
tions in the amount of source material locally available. Heald 
t iles a nundjer of exam[jles of empty or near em|)ty traps in the imme- 
diale vicinity of traps filled with oil. In the Conroe, Texas, field 
the trap is full of oil ami gas, but near by are two equally good traps 
that contain but little oil in comparison to Conroe. The north Hank 
of the regional anticline that overlies the Amarillo Mounlains and 
crosses the Fexas Panhandle from cast to west is lull of oil and gas. 
I'he south flank is empty; yet the geological conditions are the same 
on l)oth sides. Similar relationships between full Lra|)s and empty 
traps exist in the Great Valley of California. Quoting Heald: " The 
absence of source must be responsible for the failure to discover oil 
in extensive areas where all other conditions exist.” Also, “Recttgni- 
lion that source cuiulilions are variable may justify the search for oil 
|jools in areas where the other requisites are believeil to be mediocre 
or poor, lor if a great deal of oil has been formed it will accumulate 
if given any encouragement.” 

O'l; rrmik R. tlliirk. “Origin aiiil AraiinulaoiMi ul Oil,” Prubhms of Pviroft^um 
(ivohtiry (Am. Assiii. GeoI., Tulsa, |j. 

K. llEalil, ‘TssEiilials for Oil Rooks,” P.lnntnils of the Pelyoleiim Jndiislf'y 
(-\iu. lust. Mill, and Met. lUlO), Chapter 1\’, pp. 27-2B. 



Chapter 6 

MIGRATION OF OIL 
AND GAS^ 


Because uil and gas urdinarily do not occur in couiinercial deposits 
in the same rocks in which tliey probably originateil, migration ol' 
these hydrocarbons from sfJiirce nuk to reservoir rock is postulated. 
In addition, most students of petroleum geology subscribe to the 
belief that further migration can and does lake place through the 
reservoir rock until the hydrocarbons cither escape or are caught in 
some type of natural trap. Xberefore mijjratiuji a probable chap¬ 
ter in the history of an oil or gas deposit falling between generation 
and accumulation. 

Owing to the exlreme mobility of natural gas, there is little, if any, 
dissent to the concept of its migration. Gas under pressure will move 
through all but the tightest rocks in the direction of lesser pressure; 
usually, but not necessarily, this direction is upward. There is less 
agreement on the migratory habits of petroleum, and therefore most 
of the discussion that follows is concerned with the liipiid hydro¬ 
carbons. 

DOES OIL MIGRATE? Some years ago it w^as fashionable to 
attempt to solve the c|uestion of oil migration by means of laboratory 
experiments. Many of these used dry sand. Since the work of Schil- 
thiiis - on the presence of interstitial ("connate”) water in oil and gas 
reservoir roc:ks, we have learned that such experiments are valueless. 
Even if water-wet sand is used the laboratory exjjerimentation tends 

1F. M. Van Tiiyl, Ben H. Parker, ami \V. VV. Skeclcrs, "The Mi|;raLimi and 
Arrnifiulalinn of Permlcuni aiirl Naliirnl Cias," ihmrierty Colo. Svhool of Mines^ 
Vnl. JO (January, III pp. (112 cities in hiblin^rapliy); William B. Heroy, 

‘‘PEtrulcniii Geology," GeoL Soc. ^Ol/i Anniversary Vol. (1941), pp. 5I2-54H; 

\'. C. Illiiifj, "Thr .Mi/^ralion of Oil," Science of Petroleum (Oxloril IJniv. Press. 
19.'1K), Vol. 1, pp. 2011-215; James Frost, "Oil Migration," Jour. Inst. Petrol. Tech' 
nologists, ^'ol. 31 (Deceiiilier, 191.5). pp. 4H6—4.9.3. 

- R. J. SchiUtiiiis, "Connate Waier in Oil and Gas Sands," Traitsactions Am. Inst. 
Min. Met. Engineers, Vol. 127 (1938), pp. 199-214. 
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to be inadequate because of the impossibility of duplicating natural 
condit ions. The containers used are relatively small; the crude oil 
used has changed considerably from its original nature, owing to the 
escape of volatiles, especially methane, and to the action of sunlight 
and other jigeiUs; the time involved is not comparable; and most 
experiments have bceii carried on at atmosplieric pressure and room 
temperature, which are quite different from those existing in the 
natural environment. As stated in Chapter 4, oil undeiground has 
mobility approaching that of water hecause of the presence of gas in 
solution and bc'i aiise of tlie higher temperatures that exist beneath the 
surface. A belter approach to the problem of oil migration is to make 
u critical study of the natural occurrences of peiroleiim. 

Evidence Opposed to Oil Migration. Actually no one is so extreme 
as to believe that each drop of oil in the reservoir rock is the relic ol 
an organism that once oc ciipied that exact spot. The disagreement 
is one of dvgree of migration; the opponents of migraiion believe that 
the oil came Irtmi the enclosing and immediately surrounding rocks 
so that it did not move any great distance. 

Perhaps the best argument for relatively slight migration is the 
occurrence ol oil in lenticular sand bodies completely surrounded by 
dense shale. As in every other instance, the origin i)f the oil in the 
sand is not known, but it probably was squee/ed out of the enclosing 
shale during conipaclion. I hat it came from a mcjre distant source 
is most unlikely. AnotluT argunient opposing migration, at least 
across stratification planes, is the presence in dilTerent superimposed 
rc\servoirs in a sin gle held of dillci cnt_jypes of pe trolcuniTsho wing 
ihafTHerc hasTjeen no intermiiqpjng of crTule oils. This is a general, 
hiirb^iio means uiiTyTH's^TIT rule; excepiirms lliar tern I to prove migra- 
lion will be cited subsecpieiitly. Additional arguments, aclvancc'd by 
^Clark," are that if oil accumidates by migration frf)m far-lliing source 
materials, then (1) every trap should contain oil, and (2) the water 
filled reservoir rock below oil pools should contain traces of the oil 
that once passed throiigf^. However, there are other explanations fur 
barren traps, and furthermore it is questionable that oil passing 
through a wet sand would leave any trace. 

. Evidence in Support of Oil Migration. Oil underground is a fluid 
with considerable mobility. To deny categorically that it can migrate, 
or that it can migrate through any great distance, is also to deny that 
iindergiouncl water has migratory po.ssiliilities. Under the inlluence of 

•'* Frank R. Clark, “Origin and Arrmnulaliun of Oil," Prnblr.ms of Petroleutii 
(ieolugy (Am. Assor. Petrol. Geol.. 193-4), pp. 309-335. 
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a pressure differential of considerable niaj^nitude brought about by 
poking a well into a reservoir, the oil migrates with rapidity from 
surrounding rock into the bore hole. In the Oklahoma City field, a 
single BO-acrc tract produced 2020 barrels per acre-foot, whereas the 
original oil content was at the most 1200 barrels per acre-foot as cal¬ 
culated by Brauchli.^ The logical conclusion is that this surplus oil 
migrated during exploitation from an undrilled area one-half mile 
northwest. 

But reasoning that oil can migrate is not in itself proof that it has 
migrated. Following are some points of evidence that oil has mi¬ 
grated in tlie geological past: 

1. Thfi presence of oil seeps. The mere existence of an oil seep is 
evidence of the natural movement of oil today. The petroleum that 
emerges at the surface has migrated from a buried reset voir. 

2. Accuinulatiom in morganic rocks. Most commercial petroleum 
deposits occur in rocks that in all probability never contained the 
source organisms whence the oil came. I'herefore the oil must have 
migrated from sourte to reservoir. The most common oil reservoir, 
sandstone, is deposited under strand-line conditions that are inimical 
to the growth and preservation of organisms. Carbonate rocks, second 
only to sandstone in importance as oil reservoirs, may be organic in 
origin, but in most cases, at least, it is very unlikely that the oil is 
indigenous. Much carbonate rock porosity (Chapter 7) is the result 
of solutirin-leaching, which does not take place until after lithifaction 
and emergence; it is difficult to picture indigenous oil waiting around 
until leaching has produced cavities. Even where the cavities are 
|)riniary, as is common in a reef, the oil may have migrated into the 
porous yjmc from without. 

For various reasons, the presence of oil in non-marine rocks has 
been cited as evidence of migration. McDermott believes that 
chlorine in sea water is essential to the formation of oil. Hoots " 
notes several fields in California which produce from the up-dip non¬ 
marine and organically barren facies of formations that may be marine 
basinward. Here, however, migration is assumed because of the 
inorganic characteristics of the reservoir rock and not merely because 

4 R. \V. Braiichli, “Mi^ralinn nf Oil in OklaliDiiia City Ficltl,” Bull. Am. As.soc. 
Petrol. Geol., Vol. 19 (M;iy, 193rj), pp. 6.99-701. 

Kui'enc Mi;Dernii)U, ‘‘Ciiiicentraliuas dE Hyilrni::irbon.<« in the F.arth,’' Geophysics, 
Vol. 4 (July, 19.S!)), pp. 195-209. 

Harold \V. Hoots, "Orif^in, Mif^raiinn, and Accumulation of Oil in California," 
Cfl/if. Div. Mines, Bull. 118 (August, 1941). pp. 261-262. 
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it is rontineiitai in origin. Noble ^ bus pointed out tfie danger of 
ignoring ronlinental deposits as sources of hydrorarbons simply be- 
c:ause they were laid dow'ii in fresh water. 

A strong argument for migration into reservoirs exists where oil 
deposits occur in intrusive and crystalline basement rocks. It is ini- 
possible to conceive of such oil as being indigenous. A similar situa¬ 
tion exists where oil has accumulated in the porous tops of buried 
hills and ridges. This oil, like that in the crystalline rocks, must have 
migrated into place after the porosity had been developed, which was 
considerably later than the formation of the rock itself. 

3. Chfnnically similar oils in a series of superimposed reserxnnrs. 
Although the general rule is to the contrary, there are examples of 
migration of oil from reservoir to reservoir in a multiple-zone field.*' 
At Gajdi^r^^Iklad^ the same type of oil has been obtained in H 
distinc t reservoirs, lying one above the other and ranging in age from 
Ordcjvician to Permian. '^Obviously trans-formational channelways 
have permitted migiation between reservoirs at Garber. At Okla¬ 
homa C^ity the oils in Ordovician reservoirs are alike, but the oppor¬ 
tunities for transverse migration do not extend upward across the 
unc:onformi[y into the Pennsylvanian rocks, for there the oil is dilfereiit. 
Other exam|)les of migration between reservoirs could l)e cited, but 
they are much less common than examples of no migration between 
superimposed reservoirs. 

4. Struitural adjusimrnt of hydrocarbons in a resenjoir. The crust 
of the earth is constantly yielding to diastrophic fences which fold and 
till the rock strata, and yet, regardless of the lateness of such activity, 
the gas, oil, and water are almost always in adjustment with the struc:- 
ture. Regional tilting will change markedly the contour pattern of 
a dome, but not only the highly mobile gas of a gas cap but also the 
oil and underlying water migrate relatively quickly into the new posi¬ 
tions called fcjr by the structural change. In the great oil districts in 
the San Joaquin Valley and in the Los Angeles Basin in California, 
no traps with aclec|uate sedimentary section have been found barren 
as yet, in spite of their extreme youth.*’ 

5. (hiantitalive considerations. Probably the strongest argiimeiu 
for large-scale migration is the presence of oil in such enormous quan¬ 
tities in fields like those of the salt domes of the Gulf Coast, East 

7 Earl Noble, “fienlogiriil Masks ami rrcjuilices," Bull. Am. Assoc. Petrol. GeoL. 
Vol. 31 (July, 1917). pp. 1109-1117. 

M Hai'Dld W. Hoots, up. cit. 
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Texas, and Leduc, Alberta, that it is quantitatively inconceivable that 
a local, or even near local, accumulation ot organic debris would 
have been great enough to yield all the oil. 

The conclusion would seem to be that even though migration ol 
oil may have been minor in some fields, such as the “shoestring sand" 
pools, still, in the great majority of fields, large-scale migration is not 
only possible but also probable. 

CAUSES OF MOVEMENT OF OIL.'* The first migration that 
oil experiences after generation is from fine-grained source rock into 
porous and permeable reservoir rock. Except where the reservoir 
rock is an isolated lens, the primary migration is followed by a sec¬ 
ondary migration through the reservoir rock until the oil either 
escapes or is trap|jcd. The same forces operate in both primary and 
secondary migration, but their relative importance differs greatly. 
To a considerable extent, these forces are also responsible for reservoir 
pressures, which were discussed in Chapter 3. 

Compaction is the outstanding cause for the expvilsipn of oil from 
the source rock. Initially, the source rock is a clay, mud, or calcareous 
ooze with porosity as high as 90 per cent. As it is stpieezed by the 
weight of overlying sediment, or by lateral pressures accompanying 
diastrophism, the fine-grained material is compacted, with a reduction 
in porosity down to 35 per cent or less. Obviously the fluids occupying 
the pore space that is obliterated by the compaction will be driven 
out. They will move in the direction of least resistani:e into non¬ 
compacting porous formations such as sandstones and permeable lime¬ 
stones. Water is alw^ays the more abundant fluid, but if any oil is 
present in the interstices between the water-wet grains of the source 
rock, its expulsion during compactiim will be virtually complete, 
whereas some of the water w ill be left behind in the diminished pore 
space. This may explain why oil is not found in suspected source 
rocks. 

»E. DeGolycr and Harold V^aiue, ‘‘Bihliography of the Pelrolciini Industry,” 
Hull. A. and M. Cull. Texas, K3 (1914), pp. 313-345 (57 titles). 

10 Hollis 1). Hcdherg, "Gravitational Conipaclion of Clays and .Shales," Am. Jour. 
Sri., 5th Scr., Vol. 31 (.April, 1936), pp. Z11-2H7: L. F. Alhy, "Density, rorosity 
and Coinpaciion of Sedirncnlary Rneks" and "Compaction and Oil Migration," 
Dull. Am. Assoc. Petrol. GeoL, Vtd. 11 (January, 1930). pp. 1-36; R. C. Beckstroin 
and F. M. Van Tuyl, "C^ornpaciion a.s a C]au.se of the .Migration of relrolcurn," 
Bull. Am. Assoc. Petrol. GcoL, Vol. 12 (November, 192H), pp. 1019-1055: H. D. 
Hedbcrg, L. C. Sass, and H. J. Funkhouser, “Oil Fields of Cireaier Oheina Area, 
Central An/oalcgui, Venezuela," Bull. Am. Assoc. Petrol. GeoL, Vol. 31 (December, 
1947), p. 2137 and rootnotc, p. 2138. 
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Even sandstones are not completely incompressible, and the com¬ 
paction of such a rock may be a contributing force to the migration 
of oil through sandstone rcservoirs.^^ 

Although there have been many attempts to minimize and even 
deny its importance, gravity (sometimes called “buoyancy" or “flota¬ 
tion") remains the primary raiisc for movement of oil through reservoir 
rocks. The fluids in readily permeable rocks obey the law of gravity; 
both water and oil move df)wii as far as possible, but of the two oil 
is the lighter, and so, when it is present, it overlies the water. When 
oil is injected into a water-filled reservf)ir (by expulsion from a 
compacting source rock), it rises to the top of the water. If the 
reservoir is an inclined stratum overlain by a relatively impervious 
cap rock, the oil first rises vertically to the roof ami then up the 
inf:line to the highest point on the water column. Ehis may be the 
water table, in which event the oil can escape by seepage, volatilization, 
or other means, or it may be a trap ((Chapter 8). such as an anticline, 
unconformity, or fault plane, which will permit the oil to accumulate. 

Because of its early application to oil-finding, the gravity theory 
was first called the “anticlinal" theory. However, since gravity ex¬ 
plains the presence and position of oil in all other types of traps as 
well, the more restrictive term has been dropped. 

Every oil pool is evidence of migration caused by the action of 
gravity. Almost invariably (1) the oil is underlain by water or is in 
contact with water at the down-dip edge, and (2) the oil occupies the 
highest point beneath an impervious roof or beneath a cap of still 
lighter natural gas. Even if other means are advanced to move the 
oil great distances through the reservoir rock, it is necessary to use 
gravity for the final arrangement of gas, oil, and water. 

One of the reasons for the search for substitute theories has been 
the failure of many experiments to verify gravity as a sufficient migra¬ 
tion force. But these experiments themselves wxtc inadequate, as 
has been pointed out. There is, however, a lower limit in pore dimen¬ 
sion below which the forces that tend to impeile oil movement are 
greater than the gravitative force that causes oil to rise through water 
to the top. There is also a minimum pore size which limits the per¬ 
meability of a rock to the gravitative flow of water. The usual source 
rock is so fine of grain that gravity cannot operate for either oil or 

David DoiiDf>hii[:. "Klii.siiiiiy of Reservoir Rocks and Fluids with Special RcF- 
erence to East I'exas Oil I'it’ld," Hull. Am. Assoc, of Petrol. Geol., Vol. 2ft (July. 
IRH), pp. 1032-U)3.''i. 

1- V. li. IMiiiiinicr, “Migration ol Oil and Origin of Oil Pools,” Oil and Gas Jour., 
Vol. 13 (Oct. 21. 1911), pp. 13t)-Hn. 
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water movement; compaction pressures are necessary to move fluids 
Iroin such rocks, and water-oil stratification within the rock is impos¬ 
sible. On the other hand, reservoir rocks arc, by definition, rocks 
of permeability, as well as porosity, and both fluid movement and 
gravilative adjustment are possible within. 

The usual substitute suggested for the gravity theory is the hy¬ 
draulic theory. According to this view, the cause f)f migration is 
the flow of underground water which carries the hydrocarbons along 
with it; accumulation is brought about by the gravitative stratification 
of water and the hydrocarbims when a trap is reached. A corollary 
to the hydraulic theory is the concept of the “Hushing” of oil from 
traps, especially near the rim of artesian basins, by the force of moving 
ground water. This idea has been used by se\eral writers to explain 
barren traps in the Rocky Mountain province, where artesian basins 
are plentiful. 

To many, however, both the hydraulic theory and its corollary arc 
unsatisfactory unless one is willing to concede a velocity to the ground- 
water circulation in excess of the speed of upward (vertical or up-dip) 
movement of oil through water. If the circulating ground water 
travels more slowly, the hydrocarbons will move ahead of it into the 
trap, and, once in the trap, the water could not dislodge (“flush”) it. 

The movement of underground water, even with ideal artesian con¬ 
ditions, is very slow, of the order of magnitude of a foot or two a 
day. The movement of oil through water in the reservoir rock is 
probably faster than this. However, it is ronccivablc that oil migra¬ 
tion could be aided (jr hindered, depending upon the direction of flow, 
by the movement of iiiuleiground water. 

A frequently listed caiise of f)il is cap <ilso 

has been pointed out that this force may serve more to retard than 
to promote oil movement through rock.^'' Capillarity may assist in 
exjjelling oil from source rocks, but this force cannot be considered 
to be of major importance. The ronfinement of oil to the coarser 
zones in thick sandstones is probably due to the fact that the envelopes 

Maliirilin J. Miiini, '‘.Siiiditfs in ihu Applicaiiuii of itic Anlitliiial Theory of 
Oil unit Cas Amiiniilalinii.” flron. Gcol., Vol. 1 (Iflnfl), pp. I‘11-157; |nhn L. Rich, 
"I’rnhlcni.s of the Origin, Mi|>ralirin, and Accuitiiilaliiin of Oil," Problems of 
Petroleum Geology (Am. .Assoc. Petrol. Gcol., 1!)3-1), pp. ,337-34.'5, "Moving llndcr- 
gi oiind Waler a.s a Primary Caii.se ot I he Migralinii anil AcriimiilaLinn of Oil and 
Gas," Eron. GeoL, Vol. 16 (.Scplcmber-Octoher, 11121), pp. .347-371, "Further Noles 
on the Hydraulic 1 heory of Oil Migration ami Aciiniiulaliuii," Bull. Am. Assor. 
Petrol. GeoL, Vol. 7 (Ma>-Jiine, 1923), pp. 21,3-22.5. 

R. Van ,A. .Mills, “Experimental .Stiidie.s of Stilisurlace Relationships in Oil 
anil (;as Fields,” Kroii. GeoL, \ fd. 15 (July-Aiigiisl. 1920), pp. 39H-421. 
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□f "connate” water surrounding the grains of finer sediment impinge 
upon each other to such an ex-tent that oil simply cannot enter rocks 
of this type, rather than to differential capillarity between oil and 
water as was once thought.’® 

Miscellaneous possible causes for oil migration include the expan¬ 
sion of associated water, gas streaming ("effervescence”) upon release 
of pressure, and pressures created by the precipitation of mineral 
cements within the reservoir. Since these were discussed under causes 
of reservoir pressure in Chapter 3, further elaboration here is not 
necessary. 

Disposal of Displaced Water. Oil entering a water-filled reservoir 
can make room for itself only by displacing a like volume of water. 
In an ripen syslem this does not create a |)robleni, for the volume 
is ke|Jl constani by outllow at the outcrop. Ihit in a closed reservoir 
the additional volume can be accommodated only by (1) compression 
of the reservoir fluids, or (2) forcible penetration of the overlying 
strata by the displaced water. Water has greater penetrability than 
oil, and a cap may permit the passage of water and yet retain the oil. 

A greater mystery is the phenomenon of oil sands that contain 
litlle or no free (other than "connate”) water. Some sandstone lenses, 
inchiding "shoestring” sands, are of ihis type. 'I'hey are siibacpieoiis 
de|josils and obviously were filled with water initially. Several ex- 
pfanaiions have been attempted for the disappearance of this water. 
I’eihaps the best one is that the water was forcibly displaced by oil 
but the siib.seijueni shrinkage of the oil due to escape of gas has left 
some void space unoccupied by either liipiid hydroc^arhon or water. 
Other suggested explanations are that the water has been absorbed 
by hydrating minerals in the surrounding rocks or that the water 
has been eva|Joraled by natural gas. 

DIRECTION OF OIL MIGRATION.”’ Migration direcLions arc 
considered in terms eff the stratification j^lanes; the oil migrates either 
paralld or trfmsifcr.sff to the stratification. Parallel migration is ordi¬ 
narily referred to as "lateral” and transverse as "vertical,” but these 

Alrx W. McCny anil \V. Ross Kcylc, "Pri-sriil liUL’rpriUalinns ol iht* Slrumiial 
TIuMiry for Oil aiul Oas Migration anil Amiiiiiil'.iiinii." Prohleins of Pvlyolrum 
Gpolof^' (Am. Assoi:. Octroi, (itol.. 1.031), pp. 233-307. 

ini'. H. Lahec. "A Slinly of ilii* EviilciUL's lor Laicral and Vertical Miu^ralion of 
Oil/' Prohinns of Pplrolritni Gpolof^y (Am. .\s.soc. Pc*liiil. Gcol.. 1!)34), pp. .300-127: 
r. M. \m\ I iiyl anil Ulmi H. Parker, "The Time of Ori>riii and Acciimiilalioii of 
PiMroUMim," ihtarlerl\ Colo. School of Mines, Vol. 30 (April. 1011), Chapter 17. 
pp. 11(^123. 
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terms are iinlortiinate, especially where the sedimentary layers arc 
steeply inclined. Parallel migration ordinarily takes place throiigli 
the reservoir rock; transverse migration rccpiires the presence of per¬ 
meable zones that cross the stratification |)lnnes. As a ^cneraL bul 
not invariable, rule, the primary migration from source rock to 
reservoir rock is transverse, and the secondary migration thrpVigh 
the reservoir to the trap is parallel. 

Transverse Migration. Transverse migration can l)e downward 
or upward. If movement is taking place because of differences in 
specific gravity of oil and water, the migration direction of the oil 
will obviously be upward. But if the oil is being s(|uee/ed from a 
imiipacting rock, it will move in the direction of least resistance, 
whether that direction is downward, upward, or sideways. Oil from 
different parts of a compacting rock prot)aT)ly moves in different 
directions, like water from a squeezed sponge. 'Fhe sole prerequisite 
is that a receptive layer be present to receive the fluids. A receptive 
rock is one with porosity and permeability and with a fluid pressure 
less than that of the liquids being driven from the compacting rock, 
'rile latter pressure is due to the weight of a column of mud; it is 
greater than the hydrostatic pressures existing even in the subjacent 
rock, so oil can be squeezed into underlying as well as overlying 
reservoirs. 

The channelways that are used by fluids st|ueezctl from a compact¬ 
ing rock are the interconnecting pores between the grains, which 
become closed to further migration when conqiaction is complete. 
.Subsequent transverse migration must be by way of secondary chan¬ 
nelways that cut across the bedding. Outstanding examples are joint 
fractures, which are especially prevalent in brittle rocks such as lime¬ 
stone. Fault fractures play a most important role as channelways 
for ascending ore-depositing hydrothermal solutions, but examples of 
oil migration along fault planes arc very scarce. On the contrary, 
most oil field faults arc “tight,” serving as dams to trap oil rather 
than as conduits for its transverse migration. I’wr) reasons are sug¬ 
gested for this difference in permeability along fault planes: (1) ore- 
filled faults are in regions of much more intense diastrophism where 
the displacement has been great and the resulting fracture zone wide, 
and (2) most oil field faults are in sections containing thick shales 
which tend to bend rather than break so the fault planes are not 
continuous vertically. Sandstone dikes have been suggested as chan- 
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nelways for the transverse migration of oil through shales in Cali¬ 
fornia,^^ Rumania/® and elsewhere. 

One excellent example of transverse migration is the previously 
cited Garber, Oklahoma, field, where like oil occurs in superimposed 
reservoirs.^® Bailey suggests that the oil in the Sespc red beds in 
California got there by migrating upward from Eocene shales through 
“several hundred to a few thousand feet” of intervening strata that 
consist of sandstones with shaly interbeds cut by “countless minor 
joints and cracks." Where the usual dense Arbuckle "cap rock" is 
absent at Chetopa, Kansas, Arbuckle oil has migrated upward into 
the overlying Chattanooga shale.-* Some wells at Salt Creek, Wy¬ 
oming, produced commercially from fracture zones in the shale over- 
lying the major sandstone reservoir; it is logically concluded that this 
oil migrated upward across the lithologic boundary. Near Toyah 
in Reeves County of trans-Pecos I'exas, wells produced “from a few 
gallons to a few barrels per day" at depths of less than 100 feet in 
Pleistocene or Recent alluvium.-- Obviously this oil rose from beneath 
through vertical channel ways that cross the nearly horizontal bed-rock 
strata. Transformational seeps, as on the island of Trinidad, illustrate 
transverse migration, but seeps can also result from parallel migration 
through an inclined reservoir rock. 

Exaiiijjles of transverse migration downward from source rock to 
reservoir rock are some of the occurrences of oil in crystalline basement 
rocks (Chapter 7) and in buried hills. Possible examples are oil 
accumulations beneath unconformities and especially those in the 
leached upper surfaces of thick limestones.-® Some of the movement 

I” Oliif ]’. jciikiiis. “.Siinclslniii! Dikes ;is rnndiiils fnr Oil Mi^riilion Llirniifrh 
Shales,” Hii/l. Arn. As.sf)r. Petrol. Cwvol., Vol. It (April, in.*in), pp. 'll 1—121. 

IS W. A. J. M. van Waterschnol van ilcr Giaclii, "The Slraligraphical Disiriljii- 
linn nf Pclrulciini,'' Sciviice of Pvtrolnim (Oxlmrl Univ. Tress, 1!)3H), Vril. 1, p. 60. 

1® James H. Gardner, “V'criical Source in Oil and (^as Accunuilalitin," I\ull. Am. 
/twor. Petrol. Gen/., Vol. 29 (Scplcnihcr, ini.'i), pp. 1.319-1351. 

Tlimiias L. Dailey, "Origin and Migration of Oil into Sespe Redbeds, Cali- 
roriiia,” Bull. Am. Assoc. Petrol. Gro/., Vnl. 31 (November, 1917), pp. 1913-193.5. 

21 G. E. Abernathy, "Migration of Oil Irom .Arbuckle LiniestuiiE into Chattanooga 
Sliale in Chetopa Oil Tool, Labette County. Kan.sa.s,” Bull. Am. Assoc. Petrol. GerJ^, 
Vol. 2.5 (October, 1911), pp. 1934-19.37. 

22 Ronald R. DcEord, in F. M. Van Tiiyl and Den H. Parker, “The Time of 
Origin and Acctiinulaiion of Petroleum,” Quarterly Colo. School of Alines, Vol. 36 
(April, 1941), Chapter 17, p. 120. 

23 Roy L. Ginter, "Exercise on Amount of Source Bed Required to Furnish 
Oklahoma City Oil Pool,” Bull. Am. A.ssor. Petrol. Geo/., Vol. 2.5 (.September, 1941), 
pp. 1706-1712: Robert F. Walters and Arthur S. Price, "Krart-Pru.sa Oil Field, 
llarton County. Kan.sas.” Structure of Typical American Oil Fields (Am. Assoc. 
Petrol. Geol.. i94H). Vol. 3. p. 26H. 
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of oil from source shales into lenticular sandstones is probably trans¬ 
verse also. 

Parallel Migration. Migration parallel to the stratibcation is pos¬ 
sible where a porous and permeable rock layer occurs in the sedi¬ 
mentary section. Most numerous examples are sandstones and porous 
carbonate rocks. These are called reservoir rocks, and they are dis¬ 
cussed in some detail in the following chapter. Needless to say, a 
rock that qualities may be considered a reservoir rock even though 
it does not contain oil or gas; it is a potential hydnicarbon reservoir 
rock, and its voids are filled with water. 

Parallel migration is by no means confined to widespread ("sheet’*) 
sandstones or regional porous limestones. Sand-tilled channels and 
bars in thick shale sections also may be utilized as conduits for migrat¬ 
ing hydrocarbons.-* Before compaction makes the muds and oozes 
impervious, parallel movement is the preferred direction for fluids 
passing through these materials because of the lamellar characteristics 
of the minerals and their orientation parallel to the sea floor on which 
they were deposited.-® 

Parallel migration is so common as to be almost universal. Only a 
relatively insignificant part of each reservoir contains hydrocarbons; 
unless it is assumed that by strange coincidence oil entered the reservoir 
only where there were traps, it must be concluded that oil entering 
where traps were absent must have migrated laterally until trapped. 
'I’he confinement of oil accumulations to the highest levels in the 
reservoir rock is prcsimi[)tivc evidence that oil moved through the 
rock until those levels were attained. The presence of extensive 
deposits in a given formation and none in higher potential reservoirs 
is also evidence that oil travels and accumulates parallel to the bedding 
far more often than across the bedding. This conclusion is supported 
by the fact that like oils may occur in a single reservoir formation in 
fields scattered over an area extending for scores of miles, whereas 
other formations, separated vertically by but a few feet, will have 
unlike oils. 

Practically any oil field could be used to illustrate parallel migra¬ 
tion. The enormous accumulation at East Texas (Fig. 76) has been 
at the upper end of a great sheet sand body where it has been 
truncated by erosion and overlapped by younger, impervious forma- 

W. C. Krumbein and L. T. Caldwell, “Areal Variation of Organic Carbon 
Content of Barataria Bay Sediments, Louisiana," Bull. Am. Assoc. Petrol. Geo/., 
Vol. 2.1 (April. 1939). pp. .582-594. 

D. A. Greig, memorandum dated Dec. 14, 1948. 
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tiojis. Ihc best explanation for this great concentration of oil is that 
it entered the sandstone at an infinite number of points down the 
fhink of the iilast 7’cxas fryler) basin, whence it drained upward 
through the waterfilled pores of the reservoir until it was impounded 
below the tightly sealed unconfoniiity where the sandstone wedges out. 
Lateral migration in a radial direction away from the center of the 
J'lastern Venezuela basin is indicated by the fact that practically all 
accumulations of oil “are found on the basinward side of the barriers 
to such migration.’* 

Some seeps tjcciir at the outcrop of reservoir rocks, which is evidence 
of |)aialkl migration fiajiii a deeper, down-dip source. Thv Bartlesville 
sandstone, reservoir rf)c:k for many rich, relatively shallow^ oil fields 
in southeastern Kansas and northeastern Oklahoma, is ijiiarried at its 
ouldo]) in soiithw'estern Missouri because of the prest nee of seep oil, 
which makes the crushed rock valuable as a road dressing. 

Parallel migration is also a strong possibility for the primary move- 
men t from source rock to reser\’oir in the “shoestring” sand fields 
(Fig. (if)), 'riie belief has Ijeen expressed that the source material 
is the organic accumulations which were being deposited in the 
adjacent lagoons at the same time tliat the sand bars were being built.-* 
'The oil, as it formed, migrated laterally into ihc sand; some transverse 
movement from younger, OM*rlying organic muds is also a possibility. 

Wit bout doubt, niiicli of the migration from younger to older rocks 
is ai tually parallel rather than trans\ erse. For example, the acctinuila- 
tion of oil in the basement rock schists in the Edison field of California 
has jirobahly taken plaee ihroiigh niovenients up-dip through sedi- 
nienlary reservoirs into the fracluiud crysialliiie rock against wdiich 
the sediinentaries abut: “7 he oil originated in the westerly extending 
Ferliary sedimentary basin and migrated into the pore and fracture 
sj)aces of the structurally liiglier schist.” 

It can he concluded that parallel and transverse migration are 
not mutually exclusive and that many if not most oils, in journeying 
from source to trap, traveled both transverse and parallel to the 

H. n. HcillicrR, L. C. Sass, and H. |. Fiinkhouscr, "Oil Fields of Gieaici 
Ondiia Area, Central An/oaie/rni, \'cnc/iiela,’' Hull. .Im. .I.svor. Petrol. Gen/., 
Viil. 31 (Driemhcr, 1917), p, 213S. 

27 L. M. Neinnann rt nl. (Re.sc'arrh roiiiiniUcc. Tulsa Gcoltip;iral Society), "Rcla 
lioiisliip of Crude Oils and Stratigraphy in Fans of Oklahoma and Kansas," Hu//. 
7m. 7jijcic. Pr/rol. Geo/., \v\. 31 (laiuiary, 1917), pp. 92-1 IS. 

2»J. C. May and R. L. Hewitt, "The Nature of the nasciiieiil Complex Oil 
Reservoir. Ktlisoii Oil Field, California.” Bu/l. Am. Assoc. Petrol. Geo/., Vol. 31 
(December, 1917), p. 22-10. 
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stratification planes. The direction of travel is a question of permea¬ 
bility. At the beginning of compaction, the permeability in the source 
mud or ooze is such that oil can migrate in any direction; after com¬ 
paction, permeability parallel to the bedding is the rule and transverse 
to the bedding the exception. For this reason alone most later migra¬ 
tions are parallel. 

DISTANCE OF OIL MIGRATION. The distance through which 
oil can migrate, and has migrated in the geological past, is a function 
of time, assuming continuity of permeability and gradient. If oil can 
migrate an inch, it can migrate a mile. A movement of but a foot 
a year becomes 190 miles in a million years. 

Obviously the opportunities for migration over long distances arc 
much greater by parallel than by transverse migiation. In the second, 
the distance is limited to the thickness of the sedimentary column 
(or a somewhat greater distance where migration is on the bias), 
whereas the potential migration range for parallel movement is ihc 
distance from bottom to rim of a siriictural l)asiii. The “gathering 
area” for a trap is considered to be the down-dip extension of the 
reservoir rock; if the trap is high on the flank of a basin and the 
reservoir rock has sheet porosity, the trap ran impound the upward 
drainage from over an enormous area. J'his may explain why some 
of the greatest accumulations have just such a setting. Examples arc 
the oil fields t)f Lake Maracaibo in Venezuela, the San Joaquin Valley 
fields of California, East Texas, Oklahoma City, and many others. 

Definite figures of distance of migration are difficult to obtain. 
Brauchli believes that the original accumulation at Oklahoma City 
may well be the result of drainage from far out in the Anadarko 
basin, a potential distance of more than 100 miles. Hoots states 
that it is a matter of “several milcs“ between some of the California 
accumulations in non-marine and inorganic sediments and their 
down-di]3 marine organic facies wdience the oil probably came. From 
"a few” to 15 miles is the range of migration given for some of the 
oil that suljsequently devolatilized to form the asphalt deposits ol 
western Kentucky. 

Examples of minimum distance of migration are the often-cited 
accumulations of oil in sand bodies completely surrounded by shale. 

R. AV. Briiurhli, "Migralioii of Oil in Ok1cihDm;i Caiy Field," Bull. Am. As.sor. 
Petrol. Gcol., N’lil. IH (May, iH.S.'j), pp. 099-701. 

H. \V. Hnnis, “Origin, Migraiinn, and Aci:iiinii1.'iiifm of Oil in Calirnmia,’’ 
i'.alif. Div. Mines Bull. lOH (August, 1911), pp. 261-262. 

•>» W. L. Russell, “Origin of the Asplialt Deposits of Western Kentucky," Econ. 
IWoL, Vnl. 2H (Sepiember-October, 1933), pp. 571-5H6. 
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The main input probably takes place during the compaction of the 
enclosing shale; it is difficult to visualize further migration after 
compaction and lithifaction are complete unless the shale is extensively 
fractured. 

Carrier Beds. Rich, the foremost exponent of migration of oil over 
great distances, has coined the term “carrier beds" for deep, highly 
porous, and permeable rocks through which oil can migrate. He cites 
as a possible example of the use of carrier beds the movement of oil 
from the geosynclinal basins of sr)iithern Oklahoma to the anticlinal 
traps of the central Kansas uplift. Possible carrier beds include sheet 
sandstones, cavernous limestones, and weathered surfaces beneath 
widespread unconformities. The oil works its way upward at every 
opportunity from the carrier beds to the reservoir rocks by means 
of joint fissures. Once the reservoir bed is reached, the oil may be 
immediately trapped, as in a “shoestring" sand, or it may continue 
parallel migration until a trap is found. Rich confines the term 
“reservoir rock" to the stratum or strata in which accumulation occurs. 

CHANGES IN OIL DURING MIGRATION. As the oil moves 
from places of higher pressure to lower {never the reverse), some change 
in character may take place owing to the escape of a part of the 
dissolved gas. Temperature changes occurring cn route may also 
affect the amount of gas held in solution. Contamination of the 
oil by minerals forming the pore walls is no longer cohsidered possible 
becaiKse of the intervening water film now believed to be universally 
present. However, chemical changes due to contact with water 
through which the migrating oil pas.ses are decidedly possible. Many 
believe that asphalti/ation of crude oil near the surface is due lo 
chemical interaction between the upward migrating oil and downward 
percolating surface waters. 

It is a well-known fact, utili/ed in refining both petroleum and 
vegetable oils, that some clays (such as fuller’s earth) can be used as 
filters to remove discoloring or foul-smelling compounds from oils 
or to separate the heavy viscous asphaltic hydrocarbons from the 
lighter, more mobile coinpotinds. Without doubt, the passage of 
crude oil underground through rocks of varying permeability also 
has a filtering effect that results, at the end of the migration, in an 
oil somewhat different from what it w^as when it started on its journeys. 

32 John L. Rich, "Fuiicuon of Currier Reds in Lnii;r-ni5lance Mii^ruLion nf Oil," 
Bull. Am. Assoc, of Petrol. Geol., Vol. 15 (August, 1931), pp. 911-921; “Distrihulioii 
of Oil Pools in Kansus in Relation to Pre-Mi<isissippian Structure and Areal 
Geology, ibid.. Vol. 17 (July. 1933), pp. 79R-815. 
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A light oil occurring in relatively minor amounts across the Whittier 
fault from the Brea-Olinda field may possibly be due to the filtering 
effect of the fault gouge, which allowed only the lightest of the liquid 
hydrocarbons to pass through. 

If the oil and water are migrating together, intimately intermixed, 
the ability of the water, but not the oil, to enter the finer pores (already 
water-wet) of an argillaceous zone would result in a gradual enrich¬ 
ment of oil in the rock in front of the barrier."^ 

aaV. C. Illinp, "rhe Mif^ralioii nl Oil," Science of Petroleum (Oxford Univ. 
Press, 1938), Vol. 1, pp. 209-215. 
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ACCUMULATION: 

rp:servoir rocks^ 


Thr acciinui]»tion nf oil or into a rommercial deposit requires 
a eoinhinalion of reservoir rork and trap. The reservoir rr)rk is the 
container; it is usually much more extensive than the hydrocarbon 
deposit lhat has been localized by a trap, lieyond the conhnes of 
the oil or f^as [)ool, the reservoir rock is almost always Idled with water. 

Reservoir rocks will be considered in this chapter, and oil and |[»as 
traps in Cdiapler 8. 

GENERAL QUALIFICATIONS FOR RESERVOIR ROCKS. 

'Hie qualifications of a rc.scrvoir rock are simple: it must have room 
enoufrh to store a worthwhile volume of hydrocarbons, and the 
storaj^e facilities must be such that the contained oil or gas will dis¬ 
charge readily when the reservoir is penetrated by a well. Any buried 
rock, whether it is igneous, sedimentary, or metaniorphic, that meets 
these specifications may be utilized by migrating hydrocarbons as a 
reservoir. Actually, however, incrst of the world’s oil and gas occur 
in sandstones or carbonate rocks simply because these are by far the 
imrst common rocks that qualify as reservoirs in those segments of the 
earth’s mist containing geuerating or migrating hydrocarbons. 

In order to contain enough oil or gas to make extraction profitable, 
a reservoir rock must exceed a minimum porosity and a minimum 
thickness.^ I'he ^alue of these minima depend upon local conditiems. 
Most producing reservoir rocks have porosities above 10 per cent and 
thicknesses greater than 10 feet. However, a rock with lesser porosity 
may be exploitable if the thickness is great, or a thinner rock may be 

1 l)oii;i^liiiL', "I-'iiiuIliiiil'IIUiI Data uii Suli.siiiTacc KcSLM-\’nirs." RuU. Am. 

/.v.vwr. Pvirol. Urw/.. \HI. liS (l)i:rL*iiilu:r. |jp. I7ri1-I7r»5; P. fi. NiiLiing, “Some 

IMiysical anil CliLMiiiial l’rii|)cilic.s nt Ri'scni)ir Riuks Rearing on the Arrniiuilalion 
ami Disrliari'e »F Oil." Piohlnns of l*e/rnleutn Cvolo^y Assoc. Petrol. Gcul., 

1H3-1), pp. H2r)-S32; G. E. Anhie. "liitiDilnitiDii Id Pelioijliysics dI Reservoir Rocks,” 
Hull. .4rn. As.'ioc. Prfrol. Gen/., \'ol. 3^ (May, 1950), pp. 943-961. 
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developed successfully if the porosity is unusually large. The value 
of the oil, and the production cost, also enter into the question of 
whether a reservoir may be exploitable. 

In addition to adequate porosity and thickness, a reservoir rock must 
have a certain degree of lateral continuity, or tlie volume of oil stored 
will not be adequate. In sonic areas lateral persislcncc of porosity 
cannot be taken for granted. Many wildcat wells have failed to be¬ 
come discovery wells because the reservoir rock was locally "tight.” 
Tlie first well drilled on the Eldorado dome in Butler County, Kansas, 
was a dry hole, but it was later completely surrounded l)y jmidiicing 
wells. On the other hand, other wildcatters have discovered oil only 
to find subsequently that they liad a one-well pool with dry offsets 
owing to a decrease in porosity in the reservoir rock north, south, 
cast, and west of the discovery well. 

Some sheet sandstones and some porous carbonate rocks are true 
regional reservoir rocks, containing water or hydrocarbons everywhere 
in the subsurface. At the other extreme are porous zones of such 
limited lateral extent that they arc, in themselves, traps lor oil or 
gas accumulation. Many carbonate rock formations are notorious for 
their erratic porosities, and in some areas sandstones are equally 
unreliable. In districts too numerous to mention, not only must 
the oil-seeker locate a trap but also the trap must be baited with a 
porous zone in which hydrocarljons can accumulate. 

The ability of a rock to discharge its hydrocarbon content is de¬ 
pendent upon its permeability.- There are three requisites to per¬ 
meability: (1) porosity, (2) interconnecting pores, and (3) pores of 
supercapillary size. Although a permeable rock also must be porous, 
a porous rock does not have to be permeable. Pumice is pt)rous, but 
not permeable, because the voids are not interconnecting; shale may 
be quite porous but impermeable because the pores are capillary or 
subcapillary in size, thereby preventing free movement of the con¬ 
tained fluids. 

Porosity ^ is both created and destroyed by natural geological proc¬ 
esses. Primary porosity in sedimentary rocks is that resulting from 
the accumulation of dctrital or organic material in such a manner 
that openings or voids are left between grains of sand or fragments 

- CFcralil L. Ha.sslcr, "The MeasuremciU of ihe Fernieability of Reservoir Rotks 
and Its Application,” Science u\ Petroleum (Oxford Univ. Press, 1938), Vol. 1, 
pp. 198-208. 

3 S. E. Cooniher, "The Porosity of Reservoir Rocks,” Science of Petroleum 
(Oxford Univ. Press, 1938), Vol. 1, pp. 220-223. 
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of shells. As a nialter of fact, it is impossible to pack such material, 
especially spheroidal grains, without leaving considerable intercon¬ 
necting void space. Primary porosity is of greatest importance in 
sandstone reservoirs. Secondary porosity is the result of some type 
of geological activity after the sediment has been converted into rock. 
Ir is of great importance in carbonate rock reservoirs. The most 
common types are solution cavities, which range in si/e from that 
of a pinhead to the Carlsbad Caverns, and fissures or fractures pro¬ 
duced mainly by rock jointing. The fracture type of rock opening 
is never visible in well cuttings and is rarely discernible in cores; 
therefore, its quantitative significance has been largely ignored. Poros¬ 
ity determinations made on rock samples are always minimum figures 
because of the difficulty of evaluating the void space present in 
fractures. 

The geological activities that tend to destroy porosity are cementa¬ 
tion,^ recrystalli/ation, and granulation. Loose sand grains become 
sandstone by the deposition of cementing minerals in the interstices 
between the grains. If the cementation is carried to completion the 
porosity is destroyed. Fortunately, this rarely occurs; most sandstones 
arc left with enough primary porosity to store large quantities of 
water, oil, or gas. Recrystalli/ation tends to destroy any pre-existing 
porosity by changing the rock into a dense interlocking aggregate of 
crystals. It is a common feature of nietaniorphism, and that is one 
of the reasons why metamorphic rocks are characteristically imper¬ 
meable. However, recrystalli/ation can and does take place in lime¬ 
stone without iTictamorphisin, destroying whatever primary porosity 
may have been present. Granulation or crushing wdll lower the 
porosity and destroy the permeability by squeezing the rock. The 
rocks that have been-deeply buried in the geologic past, and those 
that have been strongly compressed by lateral diastrophic forces, have 
suffered granulation to varying degrees. A recent study of five sand¬ 
stones, ranging in depth from 2885 to 8343 feet, in two Wyoming 
wells, shows a progressive change with depth from the original h)ose 
random packing to a tighter packing resulting from pressure.'* Pressure 
effects included crushing and yielding of the mineral grains. With 
the exploration for oil extending to depths below 20,000 feet, the 
persistence of porosity with depth becomes a subject of utmost impor- 

^ Chnrles M. Gilhcrl, "CeiiientatiDn of Sonic California Terliary Reservoir Sands," 
JouT. Cweol.. Vol. .57 (Juiuiary, 1049), pp. 1-17. 

B Jane M. Taylor. "Pore Space Reduction in Sandstones," Bull. Am. Assoc. Petrol. 
GeoL, Vol. 34 (April. 1910). pp. 701-716. 
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tance.° It is possible that sufficient intergrain void space in sandstone 
reservoirs carries downward as far as sedimentary basins extend into 
the earth’s crust. It is less likely that limestone solution cavities have 
comparable persistence with depth, and it is highly improbable that 
fractures and fissures retain much permeability at even those levels 
now being explored. Some relatively deep mines in crystalline rocks 
which have a water problem in the upper levels arc dry in the lower 
levels because of the drawing together of the fissure walls with depth. 
It can be concluded that the reservoir opportunities diminish in the 
deeper parts of the sedimentary basins as far as the variety of openings 
possible is concerned. This situation may be more than offset, how¬ 
ever, by an increase in the percentage of sandstones in the section 
with depth. 

Further details regarding reservoir rock porosities are ini luded in 
the following sections describing the different types. 

SANDSTONE RESERVOIRS.' Throughout the world, sandstone 
is by far the most important reservoir rock. Locally it may be exceeded 
in the volume of oil produced by carbonate rock, but in many great 
oil districts limestones and dolomites are entirely absent from the 
stratigraphic section. Sandstones possess the properties of porosity 
and permeability to a greater and more consistent extent than any 
other abundant rock. Furthermore, they may be thick—in some places 
several hundred feet thick—and they may (or may not) have great 
lateral continuity. 

Sandstone porosity is of two types, intergranular and fracture. The 
intergranular porosity is the net void space remaining after the initial 
porosity has been decreased by cementation. Th e initi al porosity 
depends mainly upon the extent to which the sand is graded (sorted).*^ 
Moderately rounded sand grains, such as commonly compose sand¬ 
stones, which are all approximately the same si/e, will settle in water 
into an aggregate having a porosity of 35 to 40 per cent. With a 
mixture of sizes the porosity becomes less, for the smaller grains will 
partially fill the interstices between the larger grains, which otherwise 

^ James S. Cloninger, “How Deep Oil or Gas May Re Expected." World Oil, 
VdI. 130 (May, 1950), pp. 57-62. 

S. E. Coomber, "The Porosity of Reservoir Rocks,” Science of Petroleum (Oxford 
Univ. Press, 193fl). Vol. 1, pp. 220-223; P. G. Nutting, "Some Physical and Chemical 
Properties of Reservoir Rocks Bearing on the Accumulation and Discharge of Oil,” 
Problems of Petroleum Geology (Am. Assoc. Petrol. Geol., 1934), pp. B25-H32; Harry 
M. Ryder, "Character of Pores in Oil Sand," World Oil, Vol. 127 (April, 194B), 
pp. 129-134. 

B Wilbur F. Cloud, "Effects of Sand Grain Size Distribution upon Porosity and 
Permeability,” Oi7 Weekly, Vol. 103 (Oct. 27, 1941), pp. 26-32. 
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would be lelt open. Ill-sorted sands have porosities of 30 per cent 
and less. As a general rule, cementation lowers the porosity percentage 
from an initial 30 to 40 down to 10 to 20. Not even all this reduced 
space is available, however, for hydrocarbon storage. I'he interstitial 
(“connate’') water has to be accommodated first. Bartle “ has calcu¬ 
lated the effective porosity of a gas sandstone reservoir in northwestern 
Missouri at 7 per cent. 

(iasts made of sandstone |)ores have shown that, although some 
sandstones have suffered no post-depositional activity other than 
cementation, others have been leached so that the pores may be even 
larger than the largest grains. Some of the pores in the Bradford 
“sand,” Bradford, Pennsylvania, could hold from 10 to 100 of the 
surrounding sand giaiiis.’” Although solution cavities are commonly 
thought of for carbonate reservoirs, they obviously can be important 
in sandstone reservoirs. 

“"right" sandstones, or tight /ones within a sandstone, may be due 
10 nearly com])lete renienLalioii, but more often they are the result 
of inade(|uate sorting of the detrital material at time of deposition. 
Intermixed clay or silt, or flakes of mica, will make a sandstone 
virtually impermeable. 

Some a])pareiuly tight sandstones carry water or oil in fractures, 
in which event the atlual porosity is many times the measurable 
porosity of a core samjjle. Sandstone is a rom])etent and brittle rock, 
and it is just as sid)ject to fissuring as any other rock of comparable 
compc‘tence. Where the sandstone is not tight but has a normal 
porosity of 10 to 20 per cent, it too may have a greater actual porosity 
due to fractures, but their existence will be less obvious. Finn 
believes that the jjermeability of the Oriskany sandstone in Penn¬ 
sylvania and New York has been “augmented in. many producing 
areas by the presence of small open fractures, some of which have 
the character of open joint planes which are partly sealed by projecting 
(|uart/. crystals. The presence of thc.se fractures or slightly open joint 
planes has been the chief reason for the very large open flows in some 
Oriskany sand wells, and has caused the Oriskany to have a generally 

- » Cileiin Ci. narlle, "EllEClive Pnro.siiy of Gas iiclils in ]acksnn Coiiniy, Missouii," 
.Jwi. Assoc. Petrol. Grol.. Vnl. 25 (July, 1941), pp. 1105-M09. 

10 P. G. Nulling, “.SiiiiiE Pliv.sii::il and Chcminil Properiics of Reservoir Rocks 
Rcai'ing mi the AcriiiiuiUuiim and Discharge of Oil," Problems of Petroleum 
Gcolofjy (.‘Vm. Assoc. Pclrul. C>l'oI., 19.'i4). p. 827. 

I'Eninn H. Piiin, "(icningy and Occurrence of Natural Gas in Oriskany Saiid- 
sione in Peniisylvaniu and New York," Bull. Am. Assoc. Petrol. Geo!., Vol. 33 
(.March, 1949), pp. 303-335. 
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higher productive capacity than the average producing sand in the 
Appalachian area.” 

The dimensions of a sandstone body depend upon the conditions 
of its sedimentation. The most extensive sheet sandstones are de¬ 
posited by a transgressing sea. They are continuous bodies throughout 
the area of overlap even though the sand deposited at the end of the 
transgression is younger than the sand deposited when transgression 
started. Some of the major reservoirs of the Gulf Coast are of this 
type. Malkin and Jung^- point out that, as the sand was being 
deposited along the strand line, organic muds were being deposited 
to the seaward; oil generated in the organic sediments could migrate 
into the laterally adjacent sand or sandstone with the greatest ease. 

Most sandstones are not sheet sands. They are lenticular; at one 
extreme are lenses many miles across and at the other exircme are 
the "shoestring” sands, which may measure hiU a few ieet in width. 
I’he latter are so small as to constitute traps as well as reservoirs. 
Lenticular sands are de))osited in regressing seas, along stagnant strand 
lines,’’’ in offshore bars or shallow "banks,” in deltas and river flood- 
plains, and on lake floors. 

The original source of most sand grains is granite or granite gneiss. 
Healdpoints out that the first sand to result from the wasting of 
granitic rock is not clean quartz sand but a mixture of quartz grains, 
clay jiarticles, and accessory minerals in various stages of di‘i:omposi- 
tion. A much better reservoir rock is produced alter the sand has 
been reworked one or more times. Probably most sandstones, except 
those overlapping the crystalline basement rocks, consist of sand grains 
derived from older sandstones that are undergoing erosion. 

CARBONATE ROCK RESERVOIRS. By carbonate rock is meant 
limestone, dolomite, and rocks intermediate between these two. In a 
lew areas, notably the Lima-Indiana district and the Michigan basin, 
carbonate rocks are practically the sole reservoirs. In scjine other 

Doris .S. M;i1kin and Dorolliy A. "Mariiip ScidirnL'iilriliiin ami Oil ALraiiiin- 

lalinii on (iiill f^oasl. 1. I’lo^rcssivi? Marine Oxcriap,” /iiill. Am. Assnv. Petrul. 
i'wvtil., \'ol. Ua fNo\cniljer, llJll). pp. 2010-2020. 

Cjeor^L’ V. Ca)lu'e, “Lateral Variation in CheslL'r Sanilstoiies PioiluL'ing Oil 
anil Gas in Lower Waliash River Area, with .S|jei;ial Releienre to New Mannony 
Field, Illinois and Indiana,” Bull. Am. Assoc. Petrol, (leol., Vol. 2fi fOrinher, 1912), 
pp. 1594-1007. 

14 |nhii L. Rirh, “Siibinariiie Seriiineiitary F eat hits on llahama Hanks and 4 heir 
Hearitif^ on Disirihiilion Paitern.s of l.eiilieidar Oil Sands,” Bull. Am. .'Issue. Petrol. 
Geol., Vol. 32 (Mav, 1.9 IH). pp. 767-779. 

iTi K. C. Hcald, "FsseiiLials for Oil Pools,” Blrmruls of the Petroleum Industry 
(Am. Inst. Min. Met. Engineers, 1940), p. .30. 
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regions, as in the eastern United States and the Mid-Continent, both 
limestones and sandstones contain proliRc quantities of oil and gas. 
Mexico and the Middle East are outstanding examples among the 
foreign fields of production from carbonate rocks. 

Carbonate reservoirs differ in several respects from sandstone reser¬ 
voirs. Porosity is more likely to be localized, both laterally and 
vertically, within the rock layer. Although sheet porosity is possessed 
by a few carbonate rocks, this condition is decidedly exceptional. 
Within a given carbonate formation, even if several hundred feet in 
thickness, the porosity is in many places confined to the uppermost 
215 to 50 feet. On the other hand, the pores may be much larger than 
in sandstone reservoirs, giving the rock an unusual permeability. For 
this reason, wells drilled into carbonate reservoirs hold the records 
for high initial yields, and limestone pools tend to be shorter-lived 
than sandstone pools. 

Origin and Character of Carbonate Rock Porosity.^The porosity 
of carbonate rocks is the net result after pore-producing and pore- 
reducing processes have completed their work. Positive porosity is 
either primary or secondary; the negative, or pore-reducing, processes 
include cementation (or other precipitation) and recrystallization. 

Primary ])orosity is that resulting from the original deposition of 
carbonate rock. In all probability, much limestone and dolomite is 
cla.stic, the result of the accumulation of “sand" grains derived from 
older carbonate rocks. Theoreiically such rock should have the saiiie 
interstitial voids as those possessed by sandstone, but actual examples 
are hard to find. Invariably the original porosity has been greatly 
reduced by infilling through the precipitation of calcite or dolomite 
by circulating solutions. Recryslallization is another cause for the 
virtual obliteration of |jrimary porosity. Fhere are, however, two 
types of primary porosity in limestones that may survive the subse¬ 
quent activities and processes that tend to eliminate such porosity. 
'These are shell and reef accumulations, which are discussed in the 
paragraphs following, and oolitic limestones.'' The individual oolites 

i»\V. V. Howaril aiitl Max W. David, “DcvclniJiiiciil iif l*urfi.sity in Liiiiusiniics,” 
Ihill. /Ini. .'Iwor. Petrol, fleo/., A'ol. 20 (November, 1936), pp. 13H9-1412; W. V. 
Howard, "AccuinulatiDii of Oil and Gas in Liniesione." Problems of Peholvum 
('•eology (Am. Assoc. Petrol. Gcol., 1934), pp. 363-376; AV. Howard, “A Glassifica 
lion of Liniesione Reservoirs," Bull. Am. Assor. Petrol. Genl, \o\. 12 (Deceniljcr. 
192H), pp. 1133-1161; Richard B. Holilt, "The Naiiire and Ori|;in of Limestone 
I'nrnsily," i)uarlerly Colo. School of Mines, Vol. 43 (October, 1948), pp. 1-51. 

i" F. B. IMinnmer, "Pore Systems in Reservoir Rocks," Oil and Gas Jour., Vol. 43 
(Nov. IH, 1944), p. 245. 
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ordinarily range from 0.1 to 0.5 millimeter and are ellipsoidal. They 
are cemented together by calcium carbonate, and since, as a general 
rule, the degree of cementation is greater than it is for sandstones, 
the porosity and permeability are lower. In many places the oolites 
occur in discontinuous zones or lenses completely surrounded by rela¬ 
tively dense limestone. 

A limestone reef is a deposit, mainly of organic origin, that "has 
been built upward at a more rapid rate than the contemporaneous 
sediments deposited about its margins." Although modern reefs 
are mostly coral reefs, many other types of organisms contributed to 
reef development in the geologic past. Exploration for hydrocarbons 
has led to the discovery of many ancient buried reefs, some containing 
phenomenal quantities of oil. The recent discoveries at Leduc (Fig. 
fi8) and elsewhere in Alberta arc of this type. 

Reefs are characteristically porous, but it is probable that the initial 
porosity resulting from the loose intergrowlh of shell-prr)diicing marine 
organisms has been augmented by secondary processes, especially solu¬ 
tion of calcile.^" The principal reef producer at Leduc has been 
entirely converted to dolomite.^" In the Marine Pool (Fig. 4.B) of 
Illinois the principal reservoir is not the reef rock itself but the 
"coquina-like detrital limestone which forms the mantling deposit of 
a Niagaran reef." 

The most striking feature about some of the reefs is the great thick¬ 
ness of the porous zones. The thickest section of the prolihc D-3 reef 
zone at Leduc, which had been explored by April, HMD, was lfi5 feet. 
The discovery well of the nearby Golden Spike pool was brought into 
production in the same month with a rated initial jiroduction of 
10,000 barrels per day after having cored 544 feet of porous reef 
material. The maximum thickness of porous reef rock reported for 
the Scurry County, west Texas, fields first discovered in mid-194B is 
"approximately" 600 feet.-- 

i<^W. H. Twenhord, "CharuLteri.sLics and Geologic DistribiUion of Coral and 
Other Organic Reefs," World Oil, Vol. 129 (July 1, 1949), pp. 61-64. 

K. C. Heald, "Esscniials lor Oil Pools," Elements of the Petroleum Industry 
(Am. Inst. Min. Mel. Engineers, 1940), p. 31. 

D. B. Layer, et al., "Lediu: Oil Field. Alberta, a Devonian Coral Reef Discovery,” 
Bull. Am. Assoc. Petrol. GeoL, Vol. 33 (April, 1949), pp. .572-602. 

-1 Heinz A Lowensiain, "Marine I’ool. Madison Coiiniy, Illinois, Silurian Reef 
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Older reef fields include the Hendrick pool of Winkler County, 
Texas,-'* the .Southern Field of Mexico,-* and others. 

Wilh the exception of reef porosities, which are in part, at least, 
primary, the porosity in carbonate rock reservoirs is largely set ondary. 
Processes which produce subseejuent porosity include solution, dolo- 
miti/ation, and fracturing. Fhe greatest of these is solution. Calcite, 
or dolomite, is leached by percolating ground waters, especially above 
the water table. The resultant solution cavities range in size from 
minute pores to gigantic caverns. Regardless of size, the openings are 
interconnecting and extremely irregular. A reversal from dissolving 
to prei ipilating will produce dripstone deposits in caves and com- 
parable deposits in the smaller pores, all of which tends to reduce 
the pore space available. Infiltration of the overlying sediment may 
also lessen or even obliterate carbonate rock porosity. The red shale 
of the Molas (Pennsylvanian) formation has penetrated the solution 
cavities of the umlerlying Ouray (Mississippian) limestone in the 
Ratlle.snake (Fig. 40), New Mexico, field to such an extent that only 
the lowest !5 feet of a w'eathered zone 3.5 to 55 feet thick has adequate 
porosity and permeability to function as reservoir rock.-'* 

In most carbonate reservoirs the solution cavities are of modest size, 
little larger than the interstices between grains of sand, but they range 
from this size upward to actual caverns. Fhe Dollarhidc field in 
Andrews County, west I'exas, is an examjile of cavern accumulation. 
In drilling the Fussehnan pay zone, the drill dropped as much as Hi 
feet into oil-filled openings in the limestone.-'* Other west Texas 
fields have also been developed in truly cavernous zones, as well as 
some fields in Kentucky. .Such accumulations come (lose to the usual 
layman's concept of an underground “lake’' of oil. 

Where the openings are large, it is obviously impossible to deter¬ 
mine the porosity percentage by the usual core analysis methods. 

K. C. Hcalil, ‘‘Kssl’iii i:ds for Oil riiiils," Elcincnls nf lliu Pctroleiiiii Iiuliistry 
(Am. Insl. Min. Mcl. tliigiiiLcrs, 1010), p. 31. 

-■* John M. Muir, "LiiiiusiuiiL' Reservoir Rucks in the Mexican Oil Tields,” 
Prohicftis of Pf'tmleuin Gcolof^y (Am. .Assor. Petrol. Cecil., 1934), pp. 377-398. 

H. H. Hinsiin, “Rt.servoir Cliaracterisiics nf Ralllesnake Oil and Gas Field, 
.San Juan C'.Diiniy, New Mexico,” Bull. -loi. .Iwor. Pptrol. Cirri/., Vol. 31 (April, 
1947), pp. 731-771. 
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Where it is possible to measure the porosity of actual reservoir lime¬ 
stones and dolomites, it ranges from 5 to 20 per cent.-* 

Solution porosity is carried out by circulating meteoric waters. 
'I’hesc waters Lake advantage of any jiriniary porosity by enlarging 
the already existing pores.-* They also follow and enlarge joints and 
bedding planes.^* It can readily be observed at the outcrop that fossil 
shells are exceptionally vulnerable to solution so that fossiliferous 
carbonate rocks develop a pitted appearance. 

Because most solution porosity is developed above the water table,®^ 
a carbonate rock must be not only emergent but also exposed, or 
nearly so, to subareal erosion. I'herefore an unconformity should 
overlie every limestone with solution porosity. J'his explains why 
carbonate rock porous zones lend to lie neai the tojj of the formation. 
They do not, liowev er, have tr) lie at the very top; in the present cycle 
of erosion, solution leaching by circulating ground whalers has taken 
place in exceptionally vulnerable layers several hundred feet below 
the surface.^- 

A list of fields producing from solution cavities in carbonate rocks 
would include most of the limestone and dolomite fields of the world. 
The development of solution ])orosity in Mississippian limestone at 
rtirner Valley, Alberta, has been described recently.'*-^ 

Because dolomites arc comparable in solubility to limestones, they 
are subject to the same leaching by percolating meteoric waters. 
Mowever, there are some places where limestones have been locally 
dolomitized, and the dolomite zones are jjorous and permeable, 
whereas the non-dolomitizcd limestone is dense and impervious. Such 
porous zones make both oil reservoirs and traps (Chapter 9). Obvi¬ 
ously the devch)pment of this particular porosity is tied up with the 
process of dolomitization. I’he traditional theory that the porosity 
is due to volume shrinkage accompanying replacement of calcite 

-»S. K. Counibcr, “Ttiu rorosity of Reservoir RiicLs," Science of Petroleum 
(Oxford LJniv. Press, Vol. 1. pp. 220-1^23. 

20 John Emery Ad:ims, ‘‘Orij^iii, Migralion, and Act umulaLion of Pelroleuin in 
LimcsUine Reservoirs in ihe AVesicrn United Stales and Canada,” Problems of 
Petroleum Geology (Am. Assoc, of Petrol. Ueol., 1!)34), pp. 317-363. 

30 |ean M. Berdan, '‘Hydrology of Idincslone Terranc in .Schoharie County, 
New York,” Trans. Am. Geophys. Union^ Vol. 2D (April, 1.D4H), pp. 2.51-253. 

31 Jean M. Berdan, op. fit. 

32 B. C. Moneymaker, “.Some Broad Asjiects of Limesione Solution in the Ten¬ 
nessee Valley,” Trans. Am. Geophys. Union, Vol. 29 (February, 1948), pp. 93-96. 

33 A. J. Goodman, ‘‘l.iinestone Rc.servoir Condiiions in Turner Valley Oil Field, 
Alberta, Canada,” Bull. Am. Assoc. Petrol. Geo/., Vol. 29 (August, 1945), pp. 1156- 
116K. 
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by dolomite, molecule by molecule, is untenable for at least four 
reasons: (1) replacement is always volume for volume and not mole¬ 

cule for molecule; (2) many dolomitized zones are not porous; (3) the 
porosity, where present, varies widely from the calculated 12.3 per 
cent; and (4) the cavities are not like any other shrinkage openings 
in shape but are much more like solution cavities. It has been sug¬ 
gested that in this instance, at least, the dolomitization was brought 
al)out by circulating ground waters, and the pcjrosity was the result 
of an excess of solution over precipitation during the replacement 
process.'*^* Bybee •*'* cites an Instance where dolomitization of an 
initially porous and permeable oolitic limestone has completely de¬ 
stroyed the porosity. 

Carbonate rocks arc brittle and in many places are extensively 
fractured. In some fields the fractures augment the cavity porosity 
of the carbonate reservoir rock, but in others the limestone or dolo¬ 
mite is internally quite impervious so that all the hydrocarbon deposit 
is stored in joint cracks and other types of crevices. An example of 
the former is the Marine Pool of Illinois. "The average daily pro¬ 
duction and the cumulative production . . . demonstrate that none 
of the discontinuous porous streaks appears thick enough to have the 
storage capacity correlative with the amount of fluid produced. It is 
the writer’s opinion that the network of secondary porosity zones 
lining the fissure system and a crevice system connect the discontinu¬ 
ous producing streaks with each other and with the main reef core 
underneath, forming one common reservoir." Boyd has noted a 
gas reserve in excess of the calculated capacity of the Silurian dolomite 
in the Howell gas field, Michigan, and ascribes this discrepancy to the 
presence of fissures in the reser\'oir rock which add to its storage 
capacity. The best examples of accumulation exclusively in fissures 
cutting carbonate rocks are some of the foreign fields. Muir states 
the following regarding the Tamaulipas limestone in the northern 
fields of Mexico: "Due to the dense nature of the limestone, the oil 
(12.5° A.P.I.) does not penetrate it, but is found in joint planes or 

34 A. N. Murray. "Limeslone Oil Reservoirs of Ihe Nni theasterii United Slates and 
of Ontarin, Canada," Earn. Geol., Vol. 25 (.August, ID.SO), pp. 452—^69. 

33 Kenneth K. Landes, "Porosily through Dolomili/alion," Bull. Am. Assoc. Petrol. 
Vwcol., \'ol. .^0 (March, 1946), pp. 305-31H. 

38 H. H. Bybee, "Hitesville C'^onsolidated Field. I jiion Countv, Kentucky," Bull. 
Am. Assor. Petrol. Geol., Vol. 32 (November, 194H), pp. 2063-2082. 

aT Heinz .A. l.nwenstani, "Marine Pool, Madison Couniy, Illinois, Silurian Reef 
Producer,” III. Gcol. Sun^ey, Kept. Invesiigatiom 131 (1948). 

Harold F,. Boyd, informal communication. 
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other openings of induced character. . . . According to the lack, or 
presence, of 'induced porosity,' wells drilled into the Tamaulipas 
limestone vary in size from a mere showing of oil to gushers of 30,000 
barrels per day, or larger. This variation occurs between wells which 
may be only 200 feet apart, horizontally." ““ Coomber has noted that 
the Asmari limestone, the reservoir rock in the Iranian oil Helds, is 
similarly lacking in obvious porosity but produces great quantities of 
oil from cracks and fissures. A somewhat different impression of the 
reservoir properties of the Asmari limestone is given by Lane: "The 
intense folding and Hexing of this rock mass has cracked and Hssured 
it extensively and this Hssure system is responsible for the very free 
fluid connection throughout the reservoir which is the feature of these 
fields. The late Lord Cadinan in one of his addresses referred to it 
as 'the transport organization of the underground reservoir system.’ 
These fissures are, however, small, being normally less than 0.1 in. in 
width and they do not contribute a large proportion of the storage 
space in spite of the fact that when a well is drilled no appreciable 
production is obtained until a fissure is penetrated, even though the 
drill may pass through bands of highly porous rock. Though opinions 
vary, it is generally estimated that at least 80 per cent of the recov¬ 
erable oil is stored in the porous limestone while only 20 per cent 
exists in the fissures.” 

Nuss and Whiting succeeded in obtaining a plastic model of frac¬ 
ture porosity enlarged by solution, in the Devonian limestone reservoir 
rock of the .South Fullerton field, Texas. 

MISCELLANEOUS RESERVOIRS. Although most of the world’s 
oil and gas comes from sandstones and carbonate rocks, mainly from 
disseminated pores but in part from fractures, various other types of 
rock contain enough porosity to be locally important as reservoirs. 
In some places the porosity is interstitial, but in most it is due to 
the presence of fissures. Conglomeralt: has all the qualifications for a 
reservoir rock, but this variety of sedimentary rock is rare, especially 
out in the great sedimentary basins. However, some basal sandstones 

John M. Muir, “Limestone Reservoir Rocks in the Mexican Oil Fields," Prob¬ 
lems of Petroleum Getilogy (Am. Assoc. Petrol. Oeol., 1934), p. 3H2. 

40 S. E. Coomber, "The Porosity of Reservoir Rocks," Science of Petroleum (Ox¬ 
ford IJniv. Press, 1930), Vol. 1, p. 221. 

41 H. VV. Lane, "Oil Production in Iran," Oil and Gas Jour., Vol. 40 (Aug. 10, 
1949). p. 120. 

42 AV. F. Nuss and R. L. Whiting, "Technique for Reproducing Rock Pore Space," 
Bull. Am. Assoc. Petrol. GeoL, Vol. 31 (November, 1947), pp. 2044-2049. 
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may be coarse enough to be termed conglomerates; the oil-bearing 
Sooey conglomerate ol central Kansas is ol this type. A conglomerate 
consisting ol schist detritus from the underlying crystalline basement 
rock is a reservoir rock in two fields in the Los Angeles Basin.^^ 

Fractured shales produce oil commercially in the Florence and 
Canon City fields of eastern Colorado, in the Rangely shallow field 
(Fig. 38) of western Colorado, and in three fields on the west side of 
the San Joaquin Valley, California.^' The occurrence of oil in fis¬ 
sured shales overlying sandstone reservoir rock at Salt Creek, Wyoming, 
was mentioned previously as an example of migration. 

Fractured shales and fractured cherts have been the reservoir rocks 
for three-fourths of the quarter-billioii-barrel cumulative production 
of the Santa Maria district, California.'-'^ Some of the California fields 
discovered as far liack as 1[)03 have produced most or all of their oil 
from fractured Monterey (Miocene) cherts. Eggleston has noted 
that the best wells have been found in areas of faulting or intense 
folding. Some poor wells may be due to porosity reduction by sec¬ 
ondary deposition of calcite in the fractures. As could be anticipated, 
it is impossible, at present at least, to make more than an intelligent 
guess of the oil reserves in a fracture-type reservoir. 

Fractured basement rocks, which may be igneous, metamorphic, or 
ancient sedimentary, jiroduce oil commercially in western Kansas 
and in California."^ Over a million barrels of oil have been produced 
from the fractured top of the basement pre-Cambrian quart/ite by 
15 wells in Rice County, Kansas. Scattered wells in three other jiools 
in this district also produce from quartzite, and three wells in one 
pool and one in another produce from fractured pre-Cambrian 

41 HarDltl VV. Hnols, “Origin. anil Ainiimilaliini nl Oil in Calilnmia, ' 

CMlif. Div. of Miiirs, Hull. IIS (August, IIMI), p. 21)7. 
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4R Louis J. Rcfriiii iiml a. W. Hiii»hc.s, ‘TiaclinEtl Reservoirs of Santa Maria Dis 
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Rasemenl Complex Oil Re.scrvoir, Edison Oil Field, California,” Bull. Am. A.uoc. 
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granite.^® A part of the production in the El Segiindo, California, 
field comes from fractured schist. The "schist” discovery well in the 
Edison field of California, completed in 1945, was drilled 03 feet into 
the basement crystallines for an initial potential production of 520 
barrels per day. Within the next two years 106 producers were com¬ 
pleted in the fractured nietamorphics in this field, with reservoir 
thicknesses ranging up to 1350 feet. According to Eggleston,*'® the 
Santa Maria Valley and Wilmington fields also produce from frac¬ 
tured basement rocks; at the time his paper was written, Eggleston 
estimated that 15,000 barrels per day, nearly 2 per cent of the total 
for Californiai was coming from basement reservoirs, a source of oil 
formerly considered to be entirely impossible. 

Even igrivims rocks, in addition t» those underlying sedimentary 
sections, may be valuable oil reservoir rocks. Although the total of 
known occurrences of hydrocarbons in igneous rocks is large,*'^ the 
number of coiiiniercial occurrences is much smaller. Sellards lists 
two in Cuba, one in Mexico, and fourteen in Texas. Production from 
the Cuban fields is obtained from fractures in serpentine. The igneous 
rock field of Mexico is the Furbero in Vera Cruz. A sill of gabbro 
has been intruded into shale, metamorphosing the shale both above 
and below the sill. Oil occurs in porous zones in both the gabbro 
and the metamorphosed shale. 

Four Texas counties in the Coastal Plain—Bishop (six fields), Cald¬ 
well (four fields), Travis (one field), and Williamson (three fields)— 
contain oil reservoir rocks that were originally igneous (Fig. 29). In 
every instance, the volcanic activity that produced the igneous material 
took place during the Cretaceous period, and the volcanic rocks are 
embedded in Cretaceous sediments. "In some instances apparently 
the lava was erupted in the Cretaceous sea and formed a submarine 
volcanic cone. Some of the vcdcanic cones projected above sea-level 
or were subsequently so elevated as to be exposed and subjected to 
erosion. Some possibly wxTe entirely submarine. A part of the igne¬ 
ous rock did not reach the surface and is found in the formations in 

48 Rulicrt F. Walters, "Oil rnirUiciion rrnni Pre-Cambrian basement Rocks in 
Central Kansas” (abstract), Bull. Am. Assoc. Petrol. Geol., Vol. 34 (March, 1950), 

p. 622. 

5“ W. S. E|;gleslon, "Siiiiiinary tif Oil Proiluction fnim Fractured Rock Reservoirs 
in California." Bull. Af?i. A.ssor:. Petrol. Geo!., Vol. 2 (July, 1948), p. 1353. 

51 Sidney PoAvers el al., “Symposium on Occurrence of Petroleum in Tf^ncous and 
Metamorphic Rocks," Bull. Am. As-wc. Petrol. Geo?., Vol. 16 (August, 1932), pp. 717- 
858. 

52 E. H. Sellards, “Oil Accumulation in Igneous Rocks,” Science of Petroleum 
(Oxford Univ. Press, 1938). Vol. 1, pp. 261-265. 
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the form of laccoliths, dykes, or sills. Many of the igneous masses in 
this region, originally embedded in the Cretaceous strata, are now 
exposed. None of the exposed igneous rock produces oil, and of the 
embedded igneous masses many are likewise non-productive.” The 
porosity is apparently in part primary, due to the vesicular character 
of the flow rocks, and in part secondary due to the alteration of the 
volcanic material. Over 17 million barrels of oil have been produced 
from igneous rock reservoirs in Texas. 

CAP ROCKS. To be effective, a reservoir rock must be overlain 
by relatively impervious material which is called “cap rock.” The 
same term is also used in a completely different sense for the cap 
lying at the top of a prism of salt in a salt dome, which is described 
in Chapter B. The function of the reservoir cap rock is to prevent 
further upward migration of oil or gas. It plays an essential role in 
oil accumulation, but ordinarily rocks of this type are sufficiently 
abundant in the stratigraphic section so that their presence can be 
assumed. 

The sole (jualihcation of a cap rock is that it be impervious to the 
passage of hydrocarbons in any volume. Shale is by far the most com¬ 
mon cap rock because., it is almost invariably impervious and at the 
same time is the most abundant sedimentary rock in the earth’s crust, 
llie majority of sandstone reservoirs, and many limestone reservoirs, 
are capjjed by shale. Other common caps are dense limestones and 
light sandstones. Sandstones may be impervious because of thorough 
cementation or because of the presence of fine particles of clay or silt 
in the interstitial openings. Much less common barriers to further 
upward migration of oil and gas include anhydrite or gypsum, fault 
gouge, and (very rarely) igneous rocks. 

AGE OF RESERVOIR ROCKS.®* The geologic age of reservoir 
rocks is but one of several ages or times that the petroleum geologist 
must consider. Of comparable importance is the age of the source 
materials and the time of hydrocarbon generation; of greater import 
is the time at which accumulation takes place (Chapter B). But reser¬ 
voir rock age has one outstanding advantage: it is the only one that 
can be determined consistently with some degree of exactness. 

53 E. H. Sdlards, op. cit., p. 261. 

54 W. A. J. M. van Waierschoot van iler Cwrachl. "The Strati graphical Distribu¬ 
tion of Petroleum," Srimee of Petroleum (Oxford IJriiv. Press, 1938), Vol. 1, pp. 
58-62: "Oil Zones of the L'niicil .Siaic.s," in various issues of Oil and Cns Jour, be 
tween March S, 1943 (Cambrian and Lower Ordovician) and Oct. 28, 1943 (Miocene 
and Pliocene); L. H. Kellum, "Petroleum Stratigraphy" (privately published, 1944). 
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Actually the age of an oil- or gas-filled reservoir rock is more or less 
accidental. The presence of the hydrocarbons is due to a combina¬ 
tion of reservoir rock and trap which afforded sanctuary to the oil 
or gas. Inasmuch as one or both of these conditions may be the result 
of geological activities taking place long alter deposition, the age of 
the host rock is not too significant. I1ie source organisms may or may 
not have been depf)sited during the same geological period. 

In the past the age of the reservoir rock was considered to be much 
more important than it is today. As a matter of fact, too great atten¬ 
tion to geologic age of producing formations led to the development 
of a scries of prejudices that impeded the search for new def)Osit5. It 
was categorically stated in practically every oil district that there was 
“no oil below the blank formation,” the blank being the name of 
whatever the stratigraphically deepest reservoir for that area happened 
to be at the moment. The discovery of oil in commercial quantities 
in pre-Cambrian rocks should bring an end to the game of limiting 
reservoir rocks to certain favored periods. 

Reservoirs range in age from pre-Cambrian to Pleistocene. Some 
periods are, however, much more important than others as a time of 
reservoir rock dejjosition. The greatest production comes from rocks 
deposited during periods of thick and widespread sedimentation, with 
a considerable volume of porous and j)erineable rock present in the 
section. Benign climates arc not essential to the deposition of reser¬ 
voir rock, but they are e.ssential to the accumulation of source organic 
material. Tlie greatest periods of reservoir rock deposition were also 
times of widespread nourishing life, but the time involved in a geologic 
period is great and the two were not necessarily contenipf)raneous. 

Throughout the world, the Tertiary is the outstanding period of 
reservoir rock deposition. Other important periods, mainly in the 
United States, are ihe Cretaceous, Pennsylvanian, Mississippian, Devo¬ 
nian, and Ordovician. I'lie following review of the age of reservoir 
rocks has been summari/ed from van der Gracht,'^^ with some newer 
information added. The names of the reservoir formations, and 
other stratigraphic details, are given in the regional discussions (Part 
III). 

Cenozoic Reservoirs. The Tertiary, mainly Miocene and Pliocene 
formations, is almost the sole source of oil in California. It is the 
only oil-producing period along the Gulf Coast margin in Texas and 
Louisiana. There, as a general rule, the reservoir-containing epochs 

■"'f' W. A. J. M. van Watcrschool van iler Gracht, op. cit., pp. 61-fi2. 
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progress from Pliocene to Eocene from the coast inland. Non-marine 
strata of Tertiary age yield oil in commercial quantities in the Powder 
Wash held of Colorado.®® 

To list the foreign fields that produce from Tertiary reservoirs is to 
call the roll of almost all the major oil districts outside the United 
States. In South America the oil fields of Trinidad, Venezuela, Co¬ 
lombia, and Peru are in Tertiary rocks; in Europe the fields of 
Rumania and southern Russia; all the Middle Eastern production, 
including the prolific fields in Arabia, Iraq, and Iran; as well as the 
oil in India, Burma, and the Netherlands East Indies comes from the 
"I'ertiary. 

In southeastern Europe and elsewhere the oil-producing section may 
extend uj)ward from the I’ertiary into the Quaternary. 

Mesozoic Reservoirs. The Cretaceous is a prolific source of oil in 
the UfiiLcd States in the Gulf Coast interior and in the Rocky Moun¬ 
tains. It is also of great iiii])ortancc in Mexico; South America and 
Europe, however, have minor Cretaceous production. 

Jurassic and I riassir reservoirs arc relatively unimportant in North 
America, but some production is obtained in the Rocky Mountain 
province especially from sandstones of Jurassic age. Some flank pro¬ 
duction in the north German salt domes comes from Jurassic strata, 
and the Ernba district in Russia northeast of the Caspian produces 
niaiiily frf)m Jurassic rocks. 

Paleozoic Reservoirs. North America does not have a complete 
monopoly on Paleozoic oil fields, but it does have the only great fields 
so far disc overed in rocks of this era. The Permian produces in the 
Texas Panhandle and in the salt basin of western Texas and south¬ 
eastern New Mexico. Reservoir rocks of Pennsylvanian age are of 
relatively minor importance in the state of Pennsylvania, but they 
have yielded enormous quantities of oil and gas in the Mid-Continent, 
especially in Oklahoma and Kansas. The Rocky Mountain province 
produces some oil from Pennsylvanian rocks, and southeastern New 
Mexico and western Texas have both had discoveries in the rocks of 
that period. Relatively insignificant quantities of oil are obtained 
in Europe from Carboniferous and Permian reservoirs. 

The Mississippian is outstanding in Illinois. Rocks of this period 
are also productive in other parts of the eastern United States, in the 
northern Mid-Continent, and in the northern Rocky Mountain prov- 

W. r. XijrhliiiKiilc. "Pelmleiiiii and Natural Gas in Non-Marine .Sediments of 
Powder Wash Field in Nnriliwcsi Colorado,’' Bull. Am. Assoc. Petrol. Geol., Vol. 22 
(Allans!, 1.^3H), pp. 1020-1047. 
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ince, including especially Wyoming, Montana, and Alberta. Devonian 
reservoirs produce most of the oil in the Appalachian fields and in 
Michigan. One Siluro-Devonian formation in the Mid-Continent is 
an important reservoir. The new prolific fields of Alberta produce 
from Devonian reefs. Silurian reservoirs containing oil or gas occur 
on the west side of the Appalachian district and across southwestern 
Ontario v*o Michigan. Texas became a Silurian producer in 1940 
when a successful wildcat in Ward County was completed in lime¬ 
stone of that age.^^ 

Ordovician reservoirs, several in number, have superseded Pennsyl¬ 
vanian as the leading source of oil in the Mid-Continent. The once 
great Lima-lndiana district of Ohio and Indiana produces from Ordo¬ 
vician dolomites. Other reservoirs of this age occur in Kentucky and 
Tennessee. Several isolated cases of Cambrian production are on 
record. Gas has been obtained from Cambrian reservoir rocks in 
New York for many years. Basal Paleozoic sandstone, tentatively 
referred to the Cambrian, produces oil in the Mid-Continent. In 
mid-1948, oil was discovered in considerable volume in a Cambrian 
reservoir rock in the Lost Soldier field, Wyoming.* 

Oil is produced commercially from the pre-Cambrian in Russell 
County, Kansas. 

87 C. I). Conlry and M. E. Upson, “.Silurian Pi oduclion, Shipley Field, Ward 
(j)iiiily, 'l exas." hull. /tm. Prlrol. CrriC, Vol. 2r> fMarch, in-ll), pp. 425-127. 

E. W. Krampci l, “C’.onnnei cial Oil from Cambrian Ueds in Lost Soldier Field, 
Wyoming" (absirart), A?n. /Issrw. Petrol, (leof.. Program AnnunI Mreliiig, St. Louis, 
1!MM, pp. 12-1.S; C^ilbeii M. Wilson, “Cambrian Prodiictiun ai Losi Soldier is .Sig;iiili- 
lanl Wyoniiiif; Disiovery,” World Oil, Vol. 12kl (November, 134H), pp. 76-77. 



Chapter 8 


ACCUMULATION: FRAPS 


The final stage in the natural history of an oil or gas field is the 
trapping of the hydrocarbons into an accumulation of exploitable 
size. 'l"he first prerequisite to accumulation, a reservoir rock, was 
discussed in the preceding chapter. The second prerequisite is that 
the reservoir be dosed so that the hydrocarbons will be trapped within. 
A closed reservoir, hereafter referred to as the trap, is a body of 
reservoir rock completely surrounded above a certain level by im¬ 
pervious rock. The amount of dosure is the vertical distance between 
the “certain level” and the highest point reached by the reservoir 
rock. All traps must have closure, but the concept is best illustrated 
in elliptical anticlines and domes, which can be mapped readily by 
structure contours. Closure begins at the level of the lowest possible 
closed contour and extends upw^ard to the apex of the structure. The 
approximate amount of closure can be calculated by multiplying the 
number of closed contours by the contour interval; the actual closure 
lies within one contour interval of this figure. 

The amount of closure is also the maximum vertical distance 
through which hydrocarbons can accumulate in the reservoir rock; 
any additional oil would flow out of the structure beneath the in- 
\erted lip of the trap. Rarely are traps completely filled with oil. 
More commonly the oil-water contact lies well above the lowest 
closed contour. 

The structural reliej is the maximum vertical distance between the 
top of a fold and the bottom of the deepest neighboring syncline. It 
is always greater than the closure. The structural relief gives some 
idea of the extent of the local “gathering area” down-dip from the 
trap. 

CLASSIFICATION OF TRAPS 

Several classifications of traps have been proposed. Wilson,^ before 
presenting his own classification in a paper published in 1934, re- 

1 W. B. Wilson, 'Troposed Classirication of Oil and Gas Reservoirs,” Problems of 
Petroleum Geology (Am. Assoc. Peirol. Geol., 1934), pp. 433-445. 
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viewed those put forth by others. Since then several other classifica¬ 
tions have appeared.^ The classification used in this book is a sim¬ 
plification of that originally submitted by Wilson ^ and modified by 
Heald.'* It follows: 

C lassification of Oil and Gas Traps 

I. Struclural traps. 

a. Folds. 

b. Faults. 

r. Fissures. 

II. Varying pernieability traps. 

a. Varying permeability caused by sedimentatinn. 

b. Varying ptrmeabiliiy caused by ground water. 

r. Varying permeability caused by truncation and sealing. 

III. Combined .striiciiiral and permeability traps. 

Structural traps are the result of moveinenis of the earth’s crust. 
'I'he second class (II) contains all traps in which closure is due to 
more or less abrupt termination of pcrnicaliility in a direction parallel 
to the bedding without the intervcTUioii of a fault. The term most, 
often used for this class is “slraligraphic” trap, but Wilson poihLs 
out that it is not exactly applicable, for the strata may continue even 
though the jiermeabiJity does not. 

Oil accumulations may result from single traps, fiinltiple traps, or 
combination traps. A single trap is illustrated by the accumulation 
of oil in a reservoir rock across the top of a structural dome. An 
example of multiple trapping is the octurreiite of oil beneath an 
as|)halt seal in one part of a held and beneath an anticlinal axis in 
another part. Another example is presented by traps all of the same 
nature, as a series of small domes superimposed upon a large anticline. 
Combination trapping is very common. It diHers from multiple 

- Williiim M. Hl'kiv, rciiolcum ncolrigy." Opd/. .Soc. .irn. 50ih Aiiiiivri\sni\ 
I’dI. (HMI). pp. C. \V. Sanders, “Slraiigrapliic Type Oil Fields and Frnpnsril 

New ClassiliLaiiiin ol ReseiMiir Traps,” liiitl. Am. Ax.soc. Pvli ol. Geol., Veil. 27 fApi il. 

pp. O. Wilhelm, “ClassificaliDn of Peirolciim Reseivniis," Bull. Am. 

A.SSOC. Petrol, firn/.. \ ill. 2.0 (November, IDl.'j), pp. 1.537-I5R0: I. O. Hrod, “fien- 
Ingical 'I'eriiiinulogy in ('.la.ssiliralion of Oil anil Has Airiimulalinn," Bull. Am. 
l.\\sor. Petrol, (ieol.. \'nl. 2.0 (nccemlier, 10la), p|). I738-I7.5.'5: Sylvain J. Firsnn. 
‘Ticiiclic anil MiirplinliigiL Ola.ssirieulinn of ReserMiirs,” Oil Weekly, Vol. IIK (|iinL' 
18, 1015). pp. 51-59. 

W. B. Wilson, op. cif., p. 142. 

K. r. Healil, “F.s.sciUials lor Oil Pools,” EIrmrulx of the Petroleum Industry 
(.\m. Insl. Min. Mel. Engineers, 1040), pp. 20-G2. 

B W. B. Wilson, ”Class!nralinn of Oil Reservoirs.” Bull. Am. .-i.s.soc. Petrol. Cro/., 
>’ol. 26 (July, 1042), pp. 1201-1292; H. R. Lovch. "r.lassiriiaLion of Oil Re-servoirs,” 
ibid., Voi. 27 (February, 19-13), p. 224. 



209 


Classificadon of Traps 

napping in that the traps are mutually dependent in rinsing the 
reservoir. Most of the accumulations credited to varying permeability 
are actually due to a combination of erratic permeability and struc- 
tural position. Some of the fields so credited are entirely structurally 
controlled, as pointed out by Sanders.® Examples are accumulations 
lying across anticlines and containing local barren spots due to erratic 
jjermeability. In these places the trapping is entirely anticlinal, but 
the distribution within the trap is controlled by the local porosity. 

Some great oil fields are due to structural trapping; others are the 
result, in part at least, of varying permeability. Several attempts 
liave been made to evaluate the relative importance of these two types 
of accumulation. According to Levorsen: "Of the 22 largest oil pools 
in the United States, according to the Oil and Cwas Journal’s list, over 
half of the oil production was obtained from pools in which the 
dominant trap-making element was a change from porosity to non¬ 
porosity." ^ Wilson ® and Horiibaker ® each made a census of the 
published descriptions of oil fields. Wilson studied the articles in 
Volumes 1 and 2 of Typical American Oil Fields (Am. Assoc. Petrol. 
Gcol., 1929) and found that approximately half the fields that were 
described produced from anticlines or domes without complications. 
Hornbaker surveyed all the publications of the American Association 
of Petroleum Geologists and other sources and found that 57 per cent 
of the descriptions covered fields with structural trapping and the 
remaining 43 per cent fields with varying permeability an important 
factor in the accumulatitm. Of course a census of published descrip¬ 
tions tends to minimi/e the importance of the commonplace, in this 
case anticlinal accimiulation, because of the greater interest in the 
unusual. On the other hand, structural traps are much more readily 
discovered than the varying permeability type, and therefore it is 
highly probable that a greater proportion of the total number of 
varying-permcabilily traps remains to be discovered than of struc¬ 
tural traps. 

The fonchision appears justified that structural position or attitude 
is of utmost importance, being the sole factor in many accumulations 

C. W. Saiiflcrs, “Slraiigraphic Type Oil riclds anti Proposer] New ClassificaLion 
of Reservoir Traps,” Bull. Am. A.ssoc. Petrol. GeoL, Vol. 27 (April, 1943), p. 540. 

"> A. I. Levorsen, “Slratif^rapliie versus Slruclural Accumulalion,” Oil and Gas 
Jour., Vol. 34 (March 26. 1936), p. 42. 

8 W. B. Wilson, ‘Tropo-sed Cla.ssihcalion of Oil and Gas Reservoirs," Problems of 
Petroleum Geology (Ain. As.soc. Petrol. Gcol., 1934), p. 445. 

I’A. L. Hornbaker, "Structural and Stratigraphic Oil Traps," unpublished thesis 
(Univ. Michigan, 1947), pp. 57-58. 
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and a contributing factor in most others, and that varying porosity has 
played an important role in oil trapping in many fields and its relative 
importance is likely to increase in the future. 

STRUCTURAL TRAPS 

Folds, faults, and Rssures are structural features that may cause oil 
and gas to accumulate in exploitable deposits. They result from 
diastrophic movements in the earth’s crust. Of the three, folds are by 
far the most important in the quantity of hydrocarbons impounded. 

In the following discussion, the traps that result from, or are accom¬ 
panied by, the flowage of salt are described separately from the folds. 

FOLDS. Folds originate through vertical and horizontal move¬ 
ments; pseudofolds can result from initial dips. Vertical forces are 
of greatest importance in the non-mountainous provinces such as the 
Mid-Continent, although horizontal stresses create most of the folds 
in the orogenic belts. 

riiere are two types of vertical movement: (1) movement up or 
down due to diastrophic and perhaps even igneous activity in the 
earth’^xrust, and (2) settling due either to compaction or to leaching. 
As a general rule, the locus of the geologic activity that causes vertical 
movement is in the unexplored crystalline basement rocks. Conse¬ 
quently, the nature of the deep-seated activity that results in folds in 
the sedimentary rock veneer is not known. Faulting,^® igneous in¬ 
trusion, isostatic adjustment, and ruck flowage are possibilities that 
have been suggested at one time or another. There is abundant seis- 
mological evidence of deep-seated faulting, and there are many ex¬ 
amples in the visible parts of the earth’s crust of faults damping out 
upward into folds. I'hat igneous intrusions also may arch overlying 
rock is well known from the occurrences in Utah,^^ around the 
periphery of the Black Hills, and elsewhere.^- An unusually sym¬ 
metrical dome (Fig. 30), thought to be the result of laccolithic in¬ 
trusion, contains oil in Gallatin County, Illinois.'® Evidence favor- 

10 Alex. W. McCoy, "An Interpretation of Local Structural Development in Mid- 
Continent Areas Associated Avitli Deposits of Petroleum,” Problems of Petroleum 
Cro/ogy (Am. Assoc. Petrol. Geol., 1931), pp. 5B1-627. 

n Charles B. Hunt, "New Interpretation of Some Laccolithic Mountains and Its 
Possible Bearing on Structural Traps for Oil and Gas," Bull. Am. Assoc. Petrol. 
Geol., Vol. 26 (Februarv, 1942). pp. 197-203. 

1-G. L. Knight and Kenneth K. Landes, "Kansas Laccoliths," Jour. Geol., Vol. 40 
(January-February, 1932). pp. 1-15. 

13 R. M. English and R. M. Grogan, "Omaha Pool and Mica-Peridotite Intru- 
sives, Gallatin County, Illinois,” Structure Typical American Oil Fields (Am. Assoc. 
Petrol. Geol., 194B). Vol. 3, pp. 1B9-212. 
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Fig. 30. Protludng dome possibly formed by laccolithic intrusion. Omaha held, 
Illinois. Courtesy /Imerican AssaciatioJi of Petroleum Cenlngisls. 
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ing the hypothesis of an underlying intrusive is the presence of dikes 
and sills of peridotite up to 50 feet in thickness cutting the sedimentary 
section, including the reservoir strata. It is of course not necessary 
that the laccolithic-like intrusions reach the sedimentary shell; they 
can be quite effective in producing differential vertical movements 
even though they stop in the crystalline basement rocks. 

The vertical movements that produce folds in the sedimentary rocks 
do not have to be upward movements. Lockett and others favor 
differential subsidence as the means by which the folds in sedimentary 
basins are formed. 

Whatever the cause for the vertical movement, it must be, in most 
instances, an activity that is subject to repeat performances, for re 
current folding is the rule rather than the exception in the Mid- 
Continent and similar areas. Subsurface isopach mapping has shown 
that most structures arc the result of several periods of folding. “Once 
an anticline, always an anticline” is a maxim with wide appliiiability. 

Settling, like subsidence, will not produce folding unless it is dif¬ 
ferential. Areas of lesser settling, if the sedimentary rocks beneVand 
do not break, will become anticlinal in structure; the greater settling 
will produce synclincs. The most commr)n cause for settling is com¬ 
paction.'^ Clay and mud, as originally deposited on the sea floor, 
have porosities as high as 90 per cent. With the piling on of younger 
sediment, the weight of the overlying rock will squeeze and compact 
this material until it eventually becomes shale. The possible signifi¬ 
cance of the liquids escaping during this squeezing was discussed in 
previous chapters. If the compacting material overlies a smooth floor, 
and is homogeneous throughout, the settling will not be dillerential 
and no folds will result. But if the floor contains hills or monadnocks 

14 J. R. Lockcll, "DcvclDpnieiil of SlrucliirL's in niisiii Areas of Norlheasicrn 
Uiiiled Stales,” Htdll. Am. Assoc. FelroL Geol., Vol. 31 (March, 1947), pp. 129-446. 

If* K. M. Van Tiiyl anil Ben H. Parker, "The Time of Ori;iin and Accumiilalioii 
of Pctrolciini," ()uarteri\ Colo. School of Mines, Vol. 36 (April, 1941), Chapler 11 
(Recurrent Poldiiif; and Arcuiiiuhition), pp. H3-H9. 

iBCreililcd lo E. O. l?lrii:h hy Ci. M. Killers. 

Hollis D. Hedhcrg, "The Effect of Gravitational Coinpaciinn on the Structure 
of Sedimentary Rocks," Bull. Am. Assoc. Petrol. Geol,, Vol. 10 (November. 1926), 
pp. 103.6-1072; L. F. Athy, “Density, Poro.siiy, and Comiiaction of Sedinicnlary 
Rocks," Bull. Am. Assoc. Petrol. Geol., Vol. 14 (January, 1930), pp. 1-24; L. F. Athy, 
"Compaction and Its Elfcct on Local .Slnicliire,” Problems of Petroleum Geo/ogv 
(Am. Assoc. Petrol. Geol., 1934), pp. 811-823; John L. Rich, "ApplicaLion of Prin¬ 
ciple of Differential Settling to Tracing of Lenticular Sand Bodies." Bull. Am. Assoc. 
Petrol. Geol., Vol. 22 (July, 1938), pp. B23-H33; G. D. Hohson, "Compaction and 
Some Oil Field Features," Jour. Inst. Petrol., Vol. 29 (February, 1943), pp. 37-54. 
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or reefs of older rock which were surrounded by clay or mud before 
being covered by the same material, there will be less settling over 
these topographic features, and so the structure of the overlying rock 
will reflect to some extent the buried topography (Fig. 31). The 
“draping” of sediments over reefs by differential compaction is an 



Fic. 31. DiHerential compaction over hill. Upper: mud deposited around and over 
hill of crystalline rock. Lower and later: mud lias compacted into shale; both the 
shale anti overlyiiiR rock are draped over unyieltlini; hill as a result of greater 
compaction where the mud was ihicker. Drawing by John Jesse Hayes. 

important clue in finding buried reefs today. Likewise, if the com¬ 
pacting material contains lenses of sand, which is relatively non- 
compactible, the rocks above such lenses will settle through a lower 
vertical interval and low structural bulges will result (Fig. 32). 

Where soluble rocks occur in the section, leaching followed by 
slumping may produce sagging in the overlying strata, with arching 

IB Gerson H. Brodie, ‘‘Siructure Forming Role of Limestone Reefs in £a.stern 
Platform Area of West Texas,” Am. Assoc. Petrol. GeoL, Program Annual Meeting 
(19.50), p. 14. 
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over the blocks that have not collapsed. These folds do not, of course, 
extend below the soluble rock zone; if the potential reservoir rocks 
are below this zone, the structure maps based on higher datum planes 
are valueless. The soluble rocks are limestone and dolomite, salt. 



B 


I'lr;. 32. Ccmip'.iclinii over sand lens. Upper: lens nf sand siirrniinded by inuil. 
Linvrr and laler: iniid has CDinpacied into shale: strata are ari:hcd over sand lens 
lu'iaiisc ol its relative inLiiinpressihilily. /^rr/n'hi^ Im’ John Jesse Hayes. 

mid gypsum. Salt collapse structures are especially prevalent around 
llie leached edges of evaporite deposits, as in the Michigan Basin.’'’ 
.riiey can be recognized by (1) their position in respect to the periphery 
tif the salt deposit; (2) the presence of small faults, slickensides, and 
breccia; (.H) the proinincnie of depression contours; and (4) the irregu¬ 
larity of slope and lack of parallelism of the structures. 

i" Kenneth K. Landes, G. M. EIilcis. and Georjjc M. Stanley. "Genh>f;y of Mackinac 
Straits Area." Afir/;. Civol. Sirn'rv. Pnh. 4-1 (ISliri). ]ip. 123-153. 
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Residual structural highs may also possibly result from the plastic 
flow of salt. As will be described later, some salt columns are sur¬ 
rounded by so-called rim synclines, which are most easily explained as 
downwarps of beds above the salt due to the flow of the salt into 
domes. Presumably an area surrounded by these synclines would be 
structurally higher than the immediate surroundings. It has been 
suggested that the presence of such an isolated body of undisturbed 
sedimentary salt may be responsible for the doming of the younger 
sediments and the trapping of oil in the Katy field of Texas.-" 

Horizontal movements are at their maximum in orogenic belts 
where the earth’s crust is under compression. The rock strata are 
buckled into folds and may even be broken and overihrust. The 
result is a shortening of the earth’s crust, by a matter of several miles 
in some folded mountain belts. The time-honored exjdanation for 
this shortening is the adjustment of the crust to a cooling and shrink¬ 
ing interior. 

Some geologists have credited horizontal movements for the folds 
occurring in plains areas far beyond the mountain fronts. These folds 
have relatively low dips and are never accompanied by thrust faulting, 
but otherwise they have the same appearance as compressional folds. 
As a general rule, however, they do not conform in either age or 
oricnlation with the folds produced by tangential forces in any of 
contiguous mountain systems.-^ It is more likely that these folds result 
from vertical movements of one type or another. 

Oil can be and is trapped in iipfolds, whether they be formed by 
horizontal or l)y vertical forces. In the Rocky Mountain and Pacific 
nil provinces, and in most of the foreign fields, the folds have resulted 
from tangential movements. Oil is even found in regions of over- 
thrust faulting. I’he recently discovered Rose Hill field in Virginia 
is an example of this, as is the older Turner Valley, Alberta, field, 
and the Polish oil fields in front of the Carpathian Mountains.-- 

Pseudo-folds, so called because they look like folds but are not the 
result of any movement, are formed by deposition parallel to an 
irregular ocean floor. If the deposition is from suspension, and the 
slopes are not steeper than the angle of repose of the unconsolidated 

A. P. .Allisun, et al., "Genlo/^y of the Kaly Field, Waller, Harris, and Fort Bend 
Coiiniies, Texas.” Hull. Am. A.s.soc. Petrol. Geol., Vol. 30 (February, 1916), p. 169. 

Alex. W. McC.ny, "An InierprcLaLion nf Local Siructiiral Development in Mid- 
Cnniincni Areas Associated ^viih Deposits of PcLrolcum," Problems of Petroleum 
Geolofiy (Am. Assoc. Petrol. Geol., 1934). 

--W. A. J. M. van Wateisclioor van der Gracht, "Oil Fields in Folded Rocks,” 
Science of Petroleum (Oxford Univ. Press. 1938), pp. 247-251. 
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Fig. 34. San Pedro Field, ArReiuina. 

Flori^atc AritnUne. Flu* San Pedro oil field * is in Salta |)rnviiire in 
northern Argentina. It is the most important of the seven fields that 
lie in the Tarija sedimeiii.iry hasiii. 'Fhe San Pedro fielil occurs along the 
itcst of a partly eroded. Lightly lolded antidine whidi makes a rid^e in the 
S.in Antonio range. 'Fhe strutture was mapped hy se\ei.il nil company 
geologists beginning as early as 1921. "Fhe distinery well loi this parliculai 
field was tompleted in 192B, but the first lominertial prodiution in the 
tlistrict had been obtained two years eadier. 

Fhe strutture ol the San Pedro aiitiiline as mapped at the iO]i of the 
main producing sand is shown on the opposite page. 'I'he antidirie is mail) 
times longei than wide, and the prodiution is tonfined to the uppcimosi 
.300 leet ol a toi.d clnsuie lai in excess ol that figiiic. I ln\ anlidinc is a 
mure or less superfiiial wrinkle on a.gicut overriding; llmist sheet. 

Oil ociurs in the .San Pedro anticline in ihiee /ones, of whiih the uppei 
luo aie lelativel) iininiporlant. I'hese arc sandstones in a thitk "day grit” 
section in the Taiij.i loniialioii of Peiiuo-7 liassii age "Flie majoi oil 
prochuing /one is the F /one in the underlying 1 upanibi formation, which 
IS also ol Peimo Iiiassic <ige. The actual reserxoiis aie sandstones occuriing 
in lenses and lavi'is in a sillstone si'ilion .300 feel tliiik. Ajipaientlv enough 
oil WAS asailable at San Pedro to fill only the \eiy top ol the trap. The 
major oseitliiusi was a deep low angle tluiist froiii the west; the San Pedro 
atitidine. and the rcl.itively shallow fault shown in the cross scilirm on the 
o|)posiie page, ueie loinied duiing that easiwaid push. San Pedro is hut 
one of fise or moie patallcl ihrust-faulled uiitidiiiiil ranges in the Tarija 
basin, but it is the oiil> field in wliidi the oil otiurs at the highest point 
ol the antidirie. 1 he other Salta fields produce linm lenticular sands along 
the axis but douii the plunge a considerable distance from the highest point. 

The l\irija basin is filleil with sediments wliidi may exieed 32,000 feet 
ill thickness. 'I hey consist mostly ol Desonian shales, Permo-Carboniferoua 
elastics of glacial origin, and Plioeene and Pleistocene continental sediments. 
1 he thrusting with coiuuiieiil lolding did not take place until PlcisLucenc. 
an unusually receiil d.ite lor a li)dimarhoii trap. ArnoKaii Assati- 

niion of Pctiolcinn Cwcologi\i\. 

* Lsinaii C!. Reeil. "San l^ediu Oil Field, PioMiiie ol Salta, Nurthein Argentina,” 
RulL Ji/i. Asmh. Petrol. Vul. 30 fApiil. 1916), pp. .591-60.5. 




Fin. Al'cadia-Cnon Creek Oil Foul. Oklahnina.* 


Anticline. The li-U figure is the structure map of the Arcadia-Coon Creek 
oiT field contoured on top of the Oswego limestone of Pennsylvanian age, 

• G. E. Call el, Jr., '‘Aieadia-Coon Creek Oil Pool, OklaliDina and Logan Coiinlies. 
Oklahoma," .Vtnir/inc Typical Amcncan Oil HcUis (Am. Assoc. Petrol. Gcol., 
194H), Vol. 3, pp. 319-3^0. 





whidi lic.s ut a depth of abinil 5000 feel. I'lierc is nu sug^esliDn of a closed 
sLiucUirc :U this siniiigrapliii: luyi-l. The right druwiiig shows ilur structure 
as coiiioLircd on top of the “Second AVilcox” sandstone which is Ordovician in 
age and which lies at a dejjth of ajjproxiiiialcly 0000 feet. This is llic producing 
loniiation in the Arcadia-Cooii Creek pool and is a white sandstone coiisisting 
of rounded and frosted quartz grains with a total Uiiekaess of about 150 feet. 
At the produLiiig level the structure is an anticline ahour 3 miles long by 1 to 
\V 2 miles wide. It has two distinct domes, but the oil-waler interface lies at an 
elevation of approximately 4850 feet below sea level, which is low enough to 
enclose both domes and the intervening saddle so that production is continu¬ 
ous the length of the anticline. The effective oil sand thickness from the 
water level to the top of the anticline is 58 feet, out of a total closure of 
70 feet. 

The dying-nut upwards of the anticlinal structure is due to the thinning 
of the post-"Wilcox’’ formations across the crest of the anticline. The anti¬ 
cline disappears entirely above the imcmiformity at the base of the Pennsyl¬ 
vanian. The Mississippian sediments are missing completely across the crest 
of the anticline, ow'ing to pre-Pennsylvanian erosion and truncation. Courtesy 
American Association of Petroleum Geologists. 
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Fig. 3fi. Cumberland Oil Field, Oklahoma. 

AniiclinE. The CumhiTland oil field • lies on the south flank of the 
Arbuckle Mountain sysLcm in southern Oklahoma. The pre-Cambrian core 
of tlie Arbuddes is exposed only 12 miles to the northwest. Previous to 
the drilling of the discovery well in HHO the Cumberland area had been 

* Iia H. rram. ‘‘Ciimbeiland Oil Field. Drsan and Marshall CouiUies, Oklahoma," 
Structure of Tyftical American Oil Fields (Am. Assoc. Petrol. Gcol., 194H), Vol. 3, 
pp. 3*11-353. 
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Liix crcd by surface, subsurface, magnciic, and scismopfraph surveys, each one 
nf which increased tlie iiiLere.st in the possibilities of the area. 

rhe C]umbcrlaiid structure is a closed faulted anticline which lies within 
a down-faulted block of sedimentary rock. The structure map is contoured 
on top of the second Bromide (Ordovician) sand zone. I'he contour interval 
is 100 feet. The map indicates a closure of approjtimately 550 feet, but it 
may actually be as much as 1000 feet. The faults that cross the southeast 
end of the antitline have displacements as great as 500 feet. The major 
faults at the sides of the grabeii which contains the Cumberland anticline 
have displacements somewhere between 7000 and 13,000 feet. 

The right figure shows a cross section along line AA' drawn from southwest 
to northeast across the Cumberland anticline in the left drawing. The 
dips are of such magnitude that no exaggeration of the vertical scale is 
necessary, llie section shows the graben character of the block containing 
the Cumberland anticline, the Comanchean Trinity sand blanketing every¬ 
thing, and the anticlinal control on the trapping of the oil. 

The reservoirs are sandstones belonging to the Bromide, McLish, and Oil 
f^reek formations of the .Simpson group of Ordovician age. There are three 
producing sandstones in the lower part of the Bromide, each one over 100 feet 
in thickness. At the base of the underlying McLish formation is another 
100-foot sandstone which is one of the main producing zones in the held. 
The still deeper First Oil Creek sand averages 185 feet in thickness, and 
the Second Oil Creek sand, a large producer, is 210 feet thick. Courtesy 
American Association of Petroleum Cealagists. 
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Fio. 37. Cymric Oil Field, California. 

Anticline. I'he Cymric oil field* is in Kern Cuiiniy, California, on the 
west side of the San Jnaijuin Valley. The first distovery was made in 1916 
in a shallow rcser\oir; the deeper /one was not disco\eied until 1945. 

On the opposite pa^e is shown the Cymric structure contoured on top 
r)l the Oligocene Oceanic sand, wdiich is the leading producing loimatioti 
out ol eIc^en distinct superimposed reservoirs. The anticline is elliptical 
111 plan and unusually symmetrical. 1 he oil in the Orcaiiic sand lies above 
the — 44()0-loot conioui. jMulting on the noitheasL Hank does not cniitrihulc 
to the Lrap]3ing, but it does limit production by chopping the down-dropped 
lescMMiir rock bi*lnw the general Ii'scl ol the oil-water contact in the Oceanic 
loiin.ition. 

llie shallow resc*r\oirs, which were the sole producers at Cymric beiwceii 
Pllfi and 1915, are the Connie sands and the Amnicola sand, both belonging 
111 the 'Iiilaie lormatioii of Pleisioci*m*-Pliotenc age. I’hcse sediments are 
ol continental oiigin. and the icserMiir sands disappear to the norih and 
west. The oil is black and lairy with a giavity ranging from 11“ to 13“. 
1 he dec'per resersoirs include one in the riioceiic, six in the Miocene*, one 
in the Oligocene, and one in the Upjjer Eocene. The Pliocene resersoir 
IS a fine, silts sand. I he six Miocene piodurcrs ocrur in lour Lower Miocene 
loimalions. I he piolifir Oci'anic reservoir of Oligocene age is a unilorm, 
nu'diuni-gtained. hiable, and somewhat silly sandstone, 'i'he containcil nil 
is M‘i\ much lighter than that lound in the shallow sands; the grasily varies 
bi*LA\een .‘17“ and 5H°. The eleventh anti deepest reseivnir is the Point of 
Rocks sand in the Uppei Eocene. Ehis is a hard, finegrained sandstone 
containing primarily g.is. Structurally high wells in this /one have tested 
as niiiih as 30.000,000 cubic (eet ol gas per day with some 5i!" gravity 
condensate. Lower wells produce less gas and more oil; the cleejier oil runs 
about 36“ in gravitv. 

\ccumulatinn in the Miocene and older sands is anticline controlled, but 
distribution ol nil varies somewhat from one /one to the next owdng to 
faulting, variable permeability, and truncation beneath unconformities. The 
anticline is not piesent in the post-Miorene reservoirs, and trapping there 
has been the result of wTclgiiig-out of the reservoir sands on the flanks of a 
monocline. Cointcity Aniniran AsAOCiafion of Petroleum Geologists. 

• f. H. MiMasleis, “Csmiii Oil Idckl, Kein CDunty, Culilninia." Structure of 
T\pi(al American Oil Fields (Ain. Assoc. Petrol. Geol., I91B), Vol. 3, pp. 3B-57. 
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Fig. Rimgi’ly Field, Colorado. 

Anticline. I'he Riiii|rcly field * lies in iiorthweslern Colorado on the 
northeastern edf^e of the Uinta basin. The Cretaceous Mesa Verde sandstone 
is exposed throughout this area and was used to construct the structure 
contour map shown on the left. The Rangely anticline at the surface has 
a closure of 1900 feet. It was recognized by federal geologists as early as 1B78. 
Oil was discovered in .shallow fissured shale belonging to the Mancos (Upper 
Cretaceous) formation in 1902. A large accumulation in the Weberjsandstone 
of PcimsylvaiUiUl age Wiis discovered by the drilling of a VOOO-foot well in 
Exploitation of the field, however, did not become active until 1943, 
when the demand for oil overcame problenus of iiyacce^^^ 

The right map is the Rangely anticline contoured on the producing 
Weber formation. This anticline, both at the surface and in the subsurface, 

• W. Y. Pickering and C. L. Dorn, "Rangely Oil Field, Rio Blanco CoLinly, 
Colorado," A7ritrf?/r(* of Typirat Amnican Oil fields (.\m. Assoc. Petrol. Geol., 1918), 
Vol. 3, pp. 1.32-152. 
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is ikiirleilly asyiiiniLtrinil with the steeper dip on the southwest side. It is 
ii|)proxiiii;iti'ly 20 miles long 'iiiicl iieiirly B miles wiilc in the [.eiitral part, 
riic struLiure is crossed by faults toward ihc eastern end, but these have 
hail little or no cHect in the trapping of oil. I'hc oil-water contact plane 
lies at an elevation of -IlOO feet, about 1000 fiTt below the top of the 
anticline. Ilnwever, a gas cap is present in the uppermost 170 feet of the 
structure, so that the tliickne.ss of the oil-bearing .section is about B.S0 feet. 

riie Weber is a fine-grained, calcareous, and somewhat tight sandstone, 
rile total thickness of the formation is about 550 leet, of which about 30 
per cent is calculated lo be effective oil sand. In spite of the relatively tight 
character of the sandstone, initial productions range up to 1000 barrels a 
day. Development and production procedures at Rangcly are controlled 
by the Rangcly Engineering Committee. 

The Rangcly field is notable for two reasoirs in addition to its size. It 
was the scene of one of the few authentic cases (popular opinion to the 
contrary notwithstanding) of the temporary capping of a successful wildcat 
liecause of remoteness from market. Secondly, its discovery was delayed 
because earlier tests stopped short of the Weber for the reason that it was 
popularly, but mistakenly, referred to as the Weber "quartzite, a most 
..unlikely reservoir rock. Courtesy American Association of Petroleum 
Geologists. 
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sediment, the layers may be deposited with initial dips which con¬ 
form to the topography of the submerged surface.Submergence 
must be fairly rapid, so that deposition takes place concurrently on 
hilltop and valley floor. If the low areas fill with fine sediment while 
the hills are still emergent, the stage is set for compaction but not 
for initial dip; these two methods of obtaining a reflection of buried 
topography in the structure of the overlying rocks are mutually 
antagonistic. Initial dip structures tend to diminish in relief upward 
and to become lost by flattening a few hundred feet above the erosional 
unconformity. 

Hills in the Permian surface appear to have been reflected up¬ 
ward by initial dips in the overlying Cretaceous sediments in western 
Kansas.-^ Limestone reefs may provide arched floors for the con¬ 
formable deposition of overlying sediment.-® Initial dip folds extend 
downward only to the unconformity, and considerable money has 
been spent in drilling wells on surface anticlines that were not anti¬ 
clines at the depths of the potential reservrnrs. 

Anticlines. A large proportion of the world’s oil has been trapped 
in upfolds, or anticlines. T here arc two types of anticlines iii^nature, 
but neither one has a horizontal axis like the ridgepole of a roof, for 
that structure exists only in textbook drawings. Invariably the axis 
is curved in vertical plane, commonly plunging in both direc lions from 
the highest point on the fold. As the axis reaches lower elevations at 
both ends, the structure contours loop around from one flank to the 
other. This is the closed anticline, hereinafter referred to merely as 
anticline. Oil and gas arc trapped beneath the lops of such folds 
because they have reached that point by traveling iijj one flank or the 
other, owing to their inherent buoyancy; to coiilinue down the other 
side woidd be to move in the direction of greater pressure, which is 
not possible. 

The other type of anticline is superimposed upon the flank of a 
much larger monocline, with the anticlinal axis normal to the regional 
strike (parallel to the monoclinal dip). The axis of this type of anti¬ 
cline is also curved in the vertical plane, but because of the regional 

23 Josiah Bridge and C. L. Duke, "Initial Dips Peripheral Ld Resurrected Hills," 
Mo. Bur. Gcof. and Mines, Hienn. Repls. State CBeolofrist 1927-1928 (192S1), pp. 93-99; 
"Buried and Resurrected Hills nf Central Ozarks," Bull. Am. Assor. Petrol. Geol., 
VdI. 16 (jiily, 19.32). pp. 629-652. 

24 Kenneth K. Landes and |. W. Ockerman, "Origin of Domes in Lincoln and 
Mitchell Countie.s. Kansas," Bull. Geol. Soc. Am., Vol. 41 (June 30, 19.3.3), pp. 529-540. 

23 Heinz A. Lmvciistain, "Marine Pool, Madison County, Illinois, Silurian Reel 
Producer,” Structure Typical American Oil Fields (Am. Assoc. Petrol. Geol., 191B), 
Vol. 3, pp. 153-1BB. 
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dip, the up-dip plunge is relative rather than actual, and so the fold 
does not close in that direction. This structure will be referred to 
hereafter as plunging anticline. The structure contours express a 
plunging anticline by an outward bulge in the direction of the regional 
dip. The closest imitative topographic feature is a fan, or delta. 
Folds of this type are sometimes referred to as "structural noses," but 
this expression is incongruous for a feature that is usually over one 
hundred times wider than it is high. 

llie plunging anticline is of utmost importance in fault trap and 
combination trap accumulations. It supplies closure on three sides; 
the fourth side may be closed by strike fault (Fig. Cr/), up-dip facies 
change (Fig. 71), unconrormily overlap (Fig. 76), or other type of 
permeability barrier. Without the presence of a plunging anticline, 
tliese local dams athwart the regional dip are valueless because the 
would-be trap lacks closure at the sides. 

Anticlinal trapjnng cf)uld be illustrated by literally hundreds of oil 
and gas fields. 1 he selecteil exam|des that follow are subdivided into 
three arbitrary classes: ff Ion gate anticlines, which arc over four times as 
long as wide; nniicJifies, which are from two to lour times longer than 
wide; and domes, which are less than twice as long as wide. 

Flongate anticlines are illustrated by the Long Beach (Fig. 33), 
California, and the San Pedro (Fig. 34), Argentina, fields. Other well- 
known exam])les include Ventura Avenue,-'' California; Fairport (Fig. 
7),-' Kansas; Hendrick,-'^ Fexas; and Kirkuk (Fig. 209),='" Iraq. Fields 
selected in this chapter to illustrate trapping in anitclines that are 
two to lour times longer than wide are Arcadia-Coon Creek (Fig. 35), 
Oklahoma; Cumberland (Fig. 36), Oklahoma; Cymric (Fig. 37), Cali¬ 
fornia; Rangely (Fig. 38), Colorado; Augusta (Fig. 39), Kansas; Rattle¬ 
snake (Fig. 40), New Mexico; Porter (Fig. 41), Michigan; and Elk 
Basin (Fig. 42) in Wyoming and Montana. Famous anticlinal fields 
not illustrated hi?re include Salt Creek,=^“ Wyoming; Bradford (Fig- 

F. W. llcrlcl, “X’tMilura Avenue Oil Ficlil, Ventura Cniinly, Calii'ornia," Struv- 
tnre of Typical American Oil Fields (Am. Assoc. Petrol. CfCoI., 1929), Veil. 2. p|). 
23-24. 

riinnias H. Allan anil M. M. Valerius, "Fairport Oil Field, Russell County, 
Kansas,” Striicliire of Typical American Oil Fields (Am. Assoc. Petrol. Ceol., 1929), 
Vol. 1, pp. 3.5-48. 

A. L. Ackers, R. DcCliicchi.s, and R. H. Smith, "Hendrick Field, Winkler 
Cniiiity, I cxas,” Hull. Am. Assoc. Petrol. Geol., Vol. 14 (July, 1930), pp. 923-944. 

-'J N. E. IVcikcr, " rhe Strnclural Conditions of the Kirkuk Oil Field, Iraq,” Science 
of Petroleum (Oxford lliiiv. Press, 1938). p. 149. 

Flfieil Beck. "Salt facek Oil Field, Natrona County, Wyoming,” Structure of 
Typical American Oil Fields (Am. Assoc. Petrol. Geol., 1929), Vol. 2, pp. 589-603. 
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Fig. 40. Rattlesnake Field, New Mexico. 

Anticline. Fhc Rattlesnake field * lies in the Navajo Indian Reservation 
about 7 miles southwest of Shiprock in norLliAvcsLcrn New Mexico. It is in, 
but near the northwest edge of. the San Juan basin. I'he Rattlesnake anti 
dine was first mapped by surface observation using a sandstone member of 
the outcropping Mancos shale as a structure contour datum. The testing 
of this structure began in l!)2ii, and the first w^ell. which proved to be a 
small producer, was completed in February. 1024. Deeper reservoirs were 
found to be productive of oil or gas by tests drilled in 1020 and 1042. 

The upper figure is a subsurface struclurc map of the Rattlesnake Field 
rontoured on top of the deep Ouray limestone of Mississippian-Devonian 
age. rile contouring is based on four wells and a seismograph survey. 
Helium-bearing natural gas occurs across the top of the anticline in four 
pjjrous zones in the u])])er part of the Ouray limestone at dejiths in the 
neighborhood of 700(1 feel. Porosity is of two types, solution porosity and 
porosity due to openings between crystals of df)lomilc. The Rattlesnake 
anticline is about fi miles long and asymmetrical, with the steeper dip to 
the southwest, rhe apex at the Ouray level is near the southeast end of 
the axis. 

riic lower figure shows the structure contour map contoured on the 
shallow First Dakota sandstone. This sandstone lies more than 6100 feet 
above the Ouray limesimie. In the intervening distance the axis of the 
anticline has shifted northeast approximately % mile, owing tf) the asymmetry 
of the fold, and the apex of tlie structure has .shifted along the axis 2M: miles 
10 the northw^est. 

4 he earlier production at Rattlesnake was entirely from the Dakota sand¬ 
stones which lie at depths of 800 to 000 feet. Produition has been obtained 
from three different sandstones within the Dakota fr)rination. Accumulation 
in the Dakota has taken place in the highest parts of the anticline, but only 
where the sandstones have adequate porosiiy and permeability. I'he Hcrmo.sa 
formation of Pennsylvanian age, which lies at a depth of approximately 
5700 feet, was exploited for its oil content by two wells over a period of 
eleven years, but production ceased in 1040. Fliree other wells have tested 
this formation but found no more than showdngs. Courtesy American 
Association of Petroleum Geologists. 

• H. H. Hinsini, “Rescivuir diararleristics of Riittlesnake Oil and Gas Field, 
San Juan Coniily, New Mexico," Bull. Am. Assoc. Petrol. CeoL, VdI. 31 (April, 
1917), pp. 731-771. 
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Fic. 41. Porter Field, Michigan. 

Anticlinf;. I’hc Porter lies in Midland County, Michigan, close to the 
center of both the southern peninsula of Michigan and the Michigan sedi¬ 
mentary biLsin.* The nortlnvest-southeast trend of anticlines on wliicli the 
Porter field lies was discuvered in 1926 tlirough the study of brine-well records. 
Subsurface methods were necessary from the start because of the cover of 
several hundreds of feet of ^lacj^^^^ The discovery w'cll for the Porter 

field was drilled in 1!).^]. 

The structure map on the opposite page is contoured at the base of the 
Traverse formation of Devonian age. It shows an anticline with a node 
to the soiilheast and a hing spur to the northwest. The cln.sure on the 
dome is only about 50 feet, and the structural relief in the immediate 
vicinity is a little over !)0 feel. 

heiiealh the Traverse formation is 4 to 35 feet of Rogers City limestone, 
a dark brown organic limestone which thins across the crest of the Porter 
anticline owing to jirc-Traverst* folding and erosion. Th e pundee limestone, 
also of Devonian age, and the only formation to produce in any volume 
at Porter, underlies the Rogers City. It is porous toward the top, owing to 
pre-Rogers City umeigeaee aud.leachin^^ ll is possible that after the suh- 
mergciicc of the leached Dundee tlie oil entered from above from the 
compacting Rogers City ooze. 

Periiieability in the Dundee is erratic laterally as well as vertically. 
Accumulation has been controlled by the anticlinal structure, hut distribution 
on the anticline has been controlled by permeability. Dry holes (literally 
"dry”) have been drilled high on the flank of this anticline where the lime¬ 
stone had not l)i;en leached siilficiently for roniinercial storage of oil. A 
group of four dry holes, completely surrounded by jirodiiciiig wells, can be 
seen on the map on the oppo.sitc page in sections 17 and 20. 

The elevation nf the oil-water interface is 35 feet lower at the northwest 
end of the Porter field than at the east end. One possible explanation of 
this not uncommon silmitiou is tliat regional tilting has occurred after accumu¬ 
lation took place and recently enough .so that readjustment has not yet been 
c^junplcted. Courtesy American Association of Petroleum (ieoloj^ists. 

♦Kenneth K. Laiiiles, "Purler Oil FicUl, MidlantI Cnunly, Midiigan," Bull. Am. 
Assoc. Petrol. GeoL, \’()1. 2H (Fehriiaiy, 19D), pp. 173-136. 
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Fin. 42. Elk Basin Fitlil, WyniTiiiif^-Mnnlniia. 

Anticline. 7’hc Elk Basin anticline ami nil ficlil lies in the nnrth end 
Ilf the Bif* Horn Basin.* As can he seen in the air ])hnt()^raph nl the Elk 
Basin, noi ruily at the suiiacc but acLmilly a [air job 

ul mapping can be done from air phntos. The crest of the aiuliline is a 
topographic basin, the result of the cropping there of Cretaceous shales. 
Shown on the right page is a subsui facc structure map i nn toured on top of 
the second Wall Creek sandstone. The anticline has 301)0 feet of closure, 
hut the nil ociurs only in the upper part of the struclure. 

So far five /ones have been found to he oil- or gas-hearing in the Elk Basin 
anticline. I'lie youngest reservoirs are the First and Seiuiid Wall Creek 
sandstones of the Frontier (Crciaceou.s) forniation. which lie at an average 
depth of 1500 feet. About 05 per cent of the Frontier oil has come from 
the Second Wall Creek, which is productive over an area of approximately 
500 acres. 'I'he many normal faults shown on the structure contour map 
have affected the distribution of oil on the upthrown blocks, but the trapping 
has been anticlinal. These faults apparently die out in the formations 

• W. S. McCahe, "Elk Bafsin Anticline, Park Coimiy. Wyoming, and Carbon 
County. Montana." Hull, .^/n. As.sffr. Pelrnl. Gpo/.. ^’l)l. .12 ()aniiaiy, 19-lH), jjp. 52-67. 
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lielow the Frontier. The oil in the Wall Creek sandstones is noticeably 
lighter than the nil in the deeper and older formations. 

Gas is produced from the Greybidl (Cretaceous) sandstone reached at a 
depth of about 2600 feet. The Pennsylvanian Ten.slccp sandstone is the 
leading reservoir at Elk Basin. It lies at depths ranging between 3900 and 
6000 feet. The producing section is about 100 feet thick, and the area is 
5000 acres. About 1900 feet of the total closure is oil-bearing. 

Oil was discovered in the Mississippian Madison formation between depths 
of 4350 and 5013 feet by a well completed in 1946. Courtesy Aero Explora¬ 
tion Company and American Association of Petroleum Geologists. 
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HU),’*' Pennsylvania; Hobbs,^- New Mexico; Kettlenian Hills,Cali- 
Ibrnia; and Vf)shell Field,Kansas. Of many possible domes, the 
following fields were selected to illustrate domal trapping: Marine 
(Fig. 43), Illinois; Santa Fe Springs (Fig. 44), California; Big Lake 
(Fig. 4b), 'Fexas; San Joaquin (Fig. 46), Venezuela; and Hitesville 
(Fig. 47), Kentucky. Other good examples are Bowlegs and Seminole 
City,'"’ Oklahoma; Kevin-Sunburst,'^*' Montana; Wilmington,Cali¬ 
fornia; and Yates,'** I'cxas. 

More oil ha.s been produced from simple anticlines than from any 
f)ther single type of trap. Fhe ainoiini of ilosure varies from thou- 
saiuls of feet down to tens of feet. The size varies from a minimum 
length of umler a mile to many miles. As a general rule, however, 
the larger anticlines do not carry oil the entire length; instead, the 
superimposed domes or nodes are oil bearing and the intervening 
saddles contain only water. 

.Anticlines that arc ajjproximately circular in plan are sometimes 
referred to as (jiinfjymfrrsal domrs. Salt domes (and prr)bable salt 
domes) are discussed in the subsc(|uent section. Many additional 
illustrations of anticlinal tra[)ping can be found in Chapters 9 and 
10, which arc devoted to the geograj^hic distribution of oil fields. 

Other folds also illustrated, for the sake of completcnc.ss, are act umu- 
lations desc ribed as terrat trajrs and s\7}(linal traps. 1 hey are tjuanti 
tativcly insignificant. 7he theory behiiul the terrace trap is thal there 
is a minimum gradient below' which oil will not migrate up-di|). 
Where the dip llatteiis to less than this minimum gradient, oil will 
amimulate; reversal of dip direction, as in an anticline, is therefore 

CIkiiIl's R. l eukt*, ‘ lUaiironl Oil I'ielil, Ppiinsylvania .iiiil New York," Penrisyl- 
1 ‘tniin (leol. .’Jrni'f'v, ilh Slmu's, Hull. Mlil. (IH.'IH). 

H;i.sil W. /iixuiL'u, ‘‘f.;L-iiliii;v niul Kniiiiniiic .SimiiriLaiiLP of IJohbs, New Mexiro,” 
Worltl Prlrnlriini, \'nl. fi (.Au.nu.sl. pp. 1.^0—172. 

OtMir^L* C. tipsier ;irul Joini Cialli)w;n, “(ipolti^y of KcUlciuan Hills Oil l ielil, 
(;:iliroriii;i.” Hull. Am. Axsnr. Prhftl. Grnl.. \ ol. 17 (Orlnher. 1113.^). pp. 1161-11[)3. 

I'. C. Hip.suinil, ‘‘N'rislicll riflil. MliMicrsoii Kan.sns," Hull. Am. As.sor. 

Petrol. Grol,, Vnl. 17 (tfluimv, 11133). pp. 1611-11)1. 

A. I. I.cviirspn, "(irLMlLT Si'iiiiiinlc Dish in, SiMuiiiolL' and PoUawalninie Coiiii- 
lies, Oklaliniiia." Strurture nf TYfiirnl .Imerican Oil Pirirh (Am. Assoi. Pcirol. Geol., 
11)29), Vol. 2. pp. 31.5-361. 

.10 \V. F. Hnwpll, "Kfx in-Siiiihuisi Field, I'oolc Clniiiilv, Mniitaiia, " ibid., pp. 2.54- 
26H; A. J. Collier, “The kcxin-.SiinIniisI Oil Field and Ollier Pns.sibililies nf Oil and 
Gas in the .Sxveclj;rass .Arrh. Muiilana,'' U. S. Grol. Siiroex, Bull. 812 (1.92.0). pp. 57- 
189. 

37 £. |. HartD.sh, '‘\Vilrnin|vton Oil Field, Los .Ani^eles County, California,” Bull. 
.4m. .4ssoc. Petrol. Geol., \’ol. 22 (AurusI. 11)38). pp. 1018-1079. 

38 Ray V. Henncn and Roy J. Metcalf. "Vales Oil PtKjl, Pecos County, Texas," 
Bull. .4m. Assoc. Petrol. Geol., Vol. 13 (December, 1929), pp. 1509-1.556. 
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not necessary. In earlier days of oil-finding, many pools were consid¬ 
ered to be terrace, or "nose,” accumulations because no closure was 
evident in the structure contours drawn on the outcropping forma¬ 
tions. However, with the development of subsuvlace structure con¬ 
touring it was found that practically all these structures were closed in 
the producing formations. 'I'his is strikingly illustrated in two maps 
published by W. B. Wilson (fig- 48). The Wheat, Texas, field, illus¬ 
trated in Fig. 49, is the only oil pool described in recent years as being 
due to terrace accumulation. In a few places, the water table for the 
bottom water is below the lop of the trap, and so the accuniulation 
may be on the flanks of folds. Examples are some of the Miocene 
sandstone reservoirs of the Midway-Sunset district, California.^® 

As a trap, the closed syncline, or basin, is possible only in the absence 
of water, which is an unusual situation. Some geologists question the 
existence of an actual syndinal trap. According to Heahl,*' ". . . 
investigation of synclinal fields has failed to discfiver a single one in 
which both water and gas were absent.” The Griffithsvillc, West 
Virginia, oil pool is illustrated in Fig. 50, as an example of synclinal 
accumulation. Because it has a large gas caj), it can be argued that 
the gas ])ushed the oil to the bottom of the structure and the oil 
jjushed the water into the finer sediments adjacent to the reservoir 
rock, but it might also be pr»ssible that for some reason there was no 
water in the reservoir rock in the first place, and so the oil collected 
at the bottom of the fold and the gas at the toj). Some alleged ex¬ 
amples of synclinal irajjping are in reality porosity trajjs; the only 
roc k suffic iently permeable for use as a reservoir hap])ened to be at or 
near the bottom of a synclinc. 

SALT-CORE STRUCTURES.^^ A salt-core structure is one in 
which pressures in the earth’s crust have caused normally bedded salt 

■'» W. R. Wilsnn. “Propo.seil ClussifitaLinn of Oil and Gas Reservoirs,” Prnhhm.s 

Petrnlnim (Am. Assoi:. I’clrol. GlmiI., 1934). pp. 43H ami 439. 

Harold \V. Hiinls, "Orif^in, Migralion, and Arnimiilalion ot Oil in California.” 

Div. .'\tinr.s, lh\U. 118 (April, 194.3), pp. 26I-2H2. 

R. C. Hcald, ‘‘Essentials for Oil Pools,” Elrrnmts of the Petrolrum Industry 
(Am. Inst. Min. Mel. Engineers, 1910), p. 46. 

42 A vuluminniis bihliogiaphy has resulted from the widespread interest in struc¬ 
tures cored (or probably cored) with salt. The DeGolycr and Vance Petroleum 
Bibliography (Grdlcgc Station. Texas, 1944) lists 94 lilies on this subject. The 
American As.sci(:ialiun of Petrrdeum Geologists has published a symposium. Gulf 
Coast Oil fields ('I'ulsa, 193G) coniainin^ 30 papers dealing with salt-cored and 
probable .sail-cored structures; .several of these papers include exien.sive bibliof;- 
raphies. There is also the older symposium, Grolofiy of Salt Dome Oil Fields (Tulsa, 
1926). Additional bibliographies are appended to the following articles on this 
subject: M. A. Hanna. "Geology of Gulf ('oast Salt Domes,” Problems of Petroleum 
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Fig. 43. Marine rnul. lllinnis. 


Dome . The Marine pool • is in Madison Coiinly. Illinois, about 25 milts 
northeast of St. Louis, Mi.ssouri. It lies near the ^vestern border of the eastern 
interior basin. The disroxcry of the Marine pool was based in part on geo¬ 
physical exploration. The initial well was coiiipleled in 1943. I'his was the 

Jim 

The left figure show.s the striiciure of the Marine pool as contoured 
on lop of the Silurian rocks, which at this point were deposited as a reef. 

• Heinz A. Lim'Cii.stani, "Marine Pool, Madisnii roiiniy, Illinois. .Silurian Reef 
Prodnrer." 5fnir/inr nf Typical Amencaii Oil fields (.Xiii. Assoe. Petrol. Geol., HMH). 
Vol. 3. pp. 153-188. 
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7'hc reef is horseshoe shiipeil, and the lop has IL*() feet of eJnsure. The 
deeper rorks, beloiifring to the Ordovician system, conform to the regional 
dip which is to the east. 'I'he younger rocks reflect the reef structurally, 
but to a diminishing extent upward. 

The right figure is a hypothetical cross section of the reef. In its broader 
aspects the buried Marine reef is similar to outcropping Niagaran reefs 
around the rim of the Michigan basin. It is, however, less dolomitized, and 
it has a well-developed detrital cap w'hich is not present on the outcropping 
reefs. 

J'he structure at the top of the Silurian (left figure) is also largely the 
topography at the begiiiniiig of Devonian deposition. The actual topography 
of the reef was inoihTied to some degree by erosion, and deposition of reef 
detritus, before submergence beneath the Devonian sea. 'I here is also the 
possibility of some slight inoclificalion fine to later strurtiiral wrinkling. It 
is oln itius. however, that in Niagaran time a horseshoe .shaped reef develo])ed 
throngli the activity of various organisms in the Niagaran sea. .\ lagoon 
was partially enclosed on the northeast side, and a large and a small fore-reef 
grew on the soiitiieast and ca.sl sides of the main reef. 

riie oil has acciniudaled in a rnijuina-likc delrilai limestone which mantles 
the reef. As many as four (mrous zones are present, and in addition some 
oil is obviously stored in a network of inlcrconiiecting fissures which extend 
UUL only through the reef limestone but ulso into tlie overlying Devonian 
limestone. AUhoiigli Lriwenstam refers to the Marine poid as a stratigraphic 
trap it is probable that the donial stnicinre of the porous zone has been 
as resjmnsible for the trapping as the varying permealiility. Cnurlp.sy Amr.ri- 
ran Assoriatiori of Prtrolrum (ieolo^ixts. 
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Fin. 44. Snnta Ft* Springs Oil Field. California. 

Dnmr. The .Saiiia Fe Springs oil field * lies in Los Angeles County, about 
12 miles southeast of the center of the city of Los Angeles. /Xlihougli the 
productive area never exceeded 1500 acres, the tot^l rnitput of the ficltl 
has been nearly a half billion barrels, making Santa Fe Sjuings one of the 
great pd fields pi the world. Because of lack of oLiirro])s Jie anticline 
could not be mapped by surface surveys, but its prcseiitL was siispecteil 
from the topography and the appearance of gas in water wells. Thu dis¬ 
covery well was drilled in 1!)19. 

1 he subsurface struciure map on the opposite page, coiilouri'il on one 
ol (he oil zones, slum^^ be an unusually syniinetrical elliptical 

1 he dip is ipiile iinilorm. and no laults liave ever been discovererl. 
iTie field was originally 2V-: miles long and 1 ini;e wide at the widest point. 

1 he reason for the prolific production at Santa Fe Springs is the presence 
supcriiiiposcd oil zones, with from 100 to 550 leci of initially 
productive sand in each zone. In addition there is a shallow gas zone wdiich 
lies above the oil sands in the upper pan of the Pliocene section. Below 
arc six Pliocene producing /.one.s. of which the third one IVmii the top. 
the Meyer, has yielded nearly half td the total prodiiction from the Santa 
Fe .Springs field. It lies beneath a thick shale at a depth ol 4150 feet. The 
zone consists of 050 feel of sediment, of wliieh two-thirds was initially oil- 
filled sand. J he original area over which liiis zone was productive was 1450 
acres, iliree limes larger than any other Pliocene productive zone. 

'File two lowest productive zones, the Clark and the Hathaway, are Miocene 
in age. They inodine from depths between 7250 and ROOO feet. The 
Miocene sands are harder and less porous than the Pliocene sands. The 
Clark'Hailiaway sands underlie 000 acres and contained initially 375 feel 
(oiii of twiie that thickness) of oil-saturalcd sand, but they have only pnr 
(lured about 10 per cent of the field's total. 

Many of the wells were completed as multiple-zone producers. 'Flirce of 
the Pli()cene zones have had per acre recoveries in excess of 150,000 barrels. 
Fhc initial productions per well ranged from 1000 to 10,000 barrels per day. 

Trapping is entirely antidinal at Saiila. Fe iiprings, with water underlying 
the oil around the periphery of each zonal accumulation. Cnurtrxy California 
Division of AJinrs. 

• H. E. Winlci, ‘ Santa Fe Spiiiigs Oil Field." Calif. Div. Mines, Bull. 118 (March, 
1943), pp. 313-34fi. 
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Fic. 45. Bip I.akp PnnI. Texas. 

Lake nil pool * is in llic soiiLlnvrsiiTii rorner of Reagan 
(ioiiiiy. in wTst Texas. Ji was the first major oil fielil lo he flistiiycred in 
what is kuovYii now as die west Texas, or renuiajit basin peirolifcrpus 
prnvinte. Tlie disixiYcry widi vYiis. eumpleteil ill 11)23. Lhe exploration was 
liaserl on surfaLe Reolo^il stnilies: the Lthvarils liinesiooe aiul iither Lower 
C^retaLtoiis formations ernp out in ihi.s area. 

The uj)pi*r liRiirc shows the stnittnre of the Bit; Lake area as tontouretl 
on top nl a leil^e within the Fdwarils limestone lormation. The re|riniial 
dip is to the northwest into the l*ermian ba.sin. and the Ui^^ Lake fold is 
one of several antielines A^liieh lie on the soniheast ll.ink of this basin. 
As ran be seen from the fi^iiie, iJostirc in Uic sinlate lornv^lhni.y i.s^^ 

30 IccL and die aiiUdiiiL is deddediy elunf^aLe in a northcast-souihwest 
direction. I'he lower figure .shows the Bi|i; Lake dome as eon toured on 
the prodiitiiiK Texoii ^Leriiiiau) zone. At this lc^'el the Big Lake slnirliire 
is a iptaipiaversal dome widi 2.50 feet of elosure. Hiis is more diaii eight 
limes the closure in ihe sin lace roeks and doiihle that present in the inierven- 
iitg salt measures. The lauli shown on the east flank of the dome does 
not appear in (lie siirfare rocks and w-is probably formed helnre Cretaeeous 
deposition. It has had no effect on trapjnng. 

Four juriiieahle zones- two in Permian rocks, one in lhe Pennsylvanian, 
and one in the Ordovician—carry oil. Lhe two l*ermian producers are the 
Shallow and the Texon. The Shallow /one is a silly sand from 30 to 50 feel 
in thickness lying at a depth r»f ahoiii 21.50 feel. Much more important 
ill size and yield is ihc 'I'exon /one, wliiili lies hcLwi’eii 2H00 and 3100 feel 
below the .surface. The Texon is a highly porous oiiliiic dolomite, averaging 
22 feet in thickness. The third oil zone is (i300 feet deep. It is a .sandstone, 
15 feet thick, of probable Pennsylvanian age. The Ordovician reservoir is 
ihc deep, but prolific, Llleiiherger dolomiie. Oil arriimulation has been 
brought about by oil rising through the water-filliil reservoirs to the top 
of the anticline. The oil may have traveled a coiisiilciahle distance up the 
flank of the Permian basin Irnni the norihwest. Cnyrtesy American Assoria- 
tion of Petvolcum Gf^ologists. 

•Ray V. Hennen. “Big Lake Oil Pool, Reagan roiiiilv, Texas," .Sfruclure of 
Typical American Oil I'ields (Am. As.soc. Peirtil. f.col., 1!I2H), Viil. 2, pp. 500-511. 
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Fig. 46. San Joaquin Field, VY^iczuela. 

Joaquin field is one of a f^roup of fields lying in the 
central pan of the slate of An/.oategiii, in eastern Venezuela.* The San 
Joaquin and the neighboring Santa Ana domes were first outlined as the 
rys.uiL.QlI.(iirpU&^ study and surface geulogicul recounaisaiice in 1934. 

1 his was followed by a seismograph check and the drilling oT the disco\ery 
well lor the Santa Ana field in 1936. The discovery well f(»r the San Joaquin 
field was completed in 1939. 

The map on the opposite page .shows by means of contoiirs the structure 
td the two domes tliat coustitute die Sun Jouquiu field. Fhe datum for 
the contours is the V'erde 1 sand, one of inany oil iKiiring saiulsinnes which 
lie within the Oficina formation of Oligoccne-Miocene age. The domes 
are believed to be the result of drag over a iiortliwest-dipping zone of thru,si 
faujtiiig; the fault phm out to the southeast as .shown on the map. 

File Oficina formation i.s from 7500 to 10,000 feet thick. It contains 
Lwunty-eigliL sands which have produced oil, and at least lifteen more are 
known to contain gas. VViihin the productive .section of the Oficina, saiitl- 
stone beds constitute hut 8 per cent. Oidy the ii|)perniosi I!I00 feet of the 
underlying Merectire foniiaLion (upper Focene-lower Oligocene) Jiave been 
explored as yet. J his section is about 50 jter cent sandstone and 50 ])er cent 
shale. Oil and gas have been found within the sands tones wherever tested. 
The sandstones are probably intercniiiiecting and so constitute a single 
re.servoir. 

rite smith dome has a closure of about liiOO feel. In the Verde I sand 
the oil-water coniact lies ahtnii liOO feet above the saddle hciwecii the north 
and the south ilonics. f lic top of the dome cotuaiii.s a gas cap. The oil- 
water contact is several hundied feet lower on the north dome; a gas cap 
is ])resent there also. As the V^erde 1 .sand lenses out to the cast and north, 
only the west end of the north dome is productive at this stratigraphic level. 

The San, Juuquiu field illusiratcs ahimsi perfecily the trappiiijj of oil at 
the top oX a dumL-shaped structure where a pervious re.servoir rrn:k i.s p 
Sonic gas. has separated out from the oil and has actuniiilatcd below the 
top of the trap. Courtesy Amcriniri /issoriafioji of Petroleum Cweologists. 

* H. J. Fiiiikhiiu.sei. I.. C. Sass. anil H. O. Ileiiheig. "Santa .\na, San Joaquin, 
(niaiin. ami Sanla Knsa Oil Fielils (Anaiu Melil.s), ('.I'liiral .Xiiziiiilegiii, Venezuela." 
Hull. Am. Assoc. Petrol, iieul., Vul. 32 (Otiohci, l.'MH), pp. IH51-19UK. 
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Fig. 47. Hitesville Consolidated Field, Kentucky. 

Doine . The Hitesville * field is included in order to show that a dome 
has neither to be a perfectly synimctrical structure nor to have li clhsiirr 
measured in thousands of feet. An can, be |Sccii on iltc structure ujiivtour 
map die Hitesville dome is jirregular in plaii|nnd has a dosurr of less than 
100 Itiel.; It. is, however, the largest known anticline in western Kentucky 
as lai' as areaJ extent is concerned. The anticline measures 5 by fi miles 
and the oil field about 2 by 5 miles. 

The Hitesville field is in western Kentiicky about iir’les north of the 
Shawneetnwn-Rnugh Creek fault sysieiii and ai the extreme sniiihern end 
of the Illinois basin. It was discnveicd in IfH.^ !)v the third well drilled 
to test a strucUire which had been explored pr(‘\ ifiiisly hv hrith i fire ilrill 
and seisnio^aph. The structure map sliown is tiiiiioureil on the MrClnskey 
I) zone, which is the mnst important oil-jwnihirin^; unit in the section. 

Ihe most umisual feature at Hitesville in coiii|)arisnii with oilier Illinois 
basin fickls is the mulliplc-zone prodiiiiion wilhiii the St. (k’lievievc lime¬ 
stone formation iif Cower Mississippiaii a^e. Seven separalc porous zones 
occur in the McCloskey member of the St. (ienevievc. In addition the 
Chester of the Upper Mississippiaii contains five nil resiTvnirs, the Waltcrs- 
biirg, 'f ar Springs, upper and lower Cypress, and Aux Vases sands, and a 
little production has been obtained from a Peiiiisyhanian sandstone. The 
reservoirs at Hitesville are cither large in area with the oil water-driven, 
or are discoiitiiiuous lenses with dissolved gas drive. .Xcciinuilation.s in the 
latter type of reservoir are erratically distributed across the Hitesville struc- 
Liire. 

The McClo.skey re.scTvoirs arc porous and permeable oiilitic limestones. 
The prolific I) zone is also the most widespread. The oil in this rcservnir 
is everywhere underlain by water under enough pre.ssiire so that it has flowed. 
Ihe elevation of the oil-water interlace is at —2IK7 feet at the north end 
of the anticline and drops to —2225 feel in the southeast part of the field. 
The maximum procluctive tliickness of the I) oiilitic: zone is 20 feet. 

The trapping at Hitesville has been clue to the aniicliiial siruciurc, but 
in most of the reservoir foriiiaiir)ns the disiribulinn of the oil across the 
large dome has been controlled by permeability. Crturltfxy American Associa- 
flon of Petroleum Cwcoln^ists. 

• H. H. Byhee. ‘Hilesi ille Cinnsfiliilaleil l ielil, l.'iiiriii faMiniy. Kentucky, ’’ Bull. 
Arn. Assoc. Petrol. Geol.j \ ol. 32 (Xiivcinlicr, IM IH), pp. 20G3—2082. 
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deposits to flow plastically, first bulging anil then in many places rup¬ 
turing the overlying sediments. 

Among the many types of oil and gas Maps, those that result from 
the flowage of salt arc the most bizarre. In spite of their odd nature 
and origin, however, a substantial percentage of the world’s petroleum 
comes from salt-core structures. Outstanding in this regard is ihe Gulf 
Coast of Texas and Louisiana, wdicre nearly .'i billion barrels of oil 
have come from such sM uctiires. Over one-half billion barrels of oil 
have been proiliiced from salt-core tra|)s in Rumania. Mexico, Ger¬ 
many, and Russia are other, but relatively minor, sources of oil that 
has accuimilated in salt stiuctiires. In addition to oil and gas, the 
greater part of the annual world yield of siilliir, and some of the salt 
and potash prodiu lion, cmiie from salt deposits of this type. 

Classification. Salt-core stniiliires may be classified into two main 
types:jnnmpierceinentiiind pitTre^^^ .^il). I he first includes the 

sail antirlinr, a laccolith-like siructiire in which the bedded salt has 
thickened locally by flowage but has not nipliiied the overlying strata. 
Salt anticlines occur in the IJtali-failoi ado salt basni and in Europe. 
To date no oil dej^osits have been louiid associated with these struc¬ 
tures. The term non-piei cemeiu has also been applied, somewhat 
ipiestionably, to deep-sealed probable salt masses not yet icaelied by 
the drill. Under the piercement classilication arc all llie salt in¬ 
trusions which transect the stratilicalion of the intruded scdinienls. 
A few of these injected salt masses followed fissures and so arc dike¬ 
like in shape. Much more abundant arc the vei iiial, oi neai-vertical, 
]jipe-likc intriisioiis, which are similar to igneous stocks, plugs, and 
neiks. In some of these, the flowing salt has reached the surface 
through these conduits. 

Examples of salt extrusion have been found in the Colorado-Utah 
district, on the Isthmus of Tehuantepec, and in the Middle East, 
because of the extreme aridity on the high |)laleau of central Iran, 
the salt that has broken through the overlying sediments makes a 
dome-shaped hill, whence it flows down the flanks in Longues or 
"glaciers” for distances as great as three miles.^^ In the other two 
districts, leaching of the salt has been followed by surface collapse 
producing topographic depressions. 

Geology (Am. Assoc. Pci ml. ticol., pp. 62!)-e7H: ti. D. HdIjsdii. “S:iU Slriit- 

lures; Their 1 orm. Origin, aiul Rclaliiinsliip lo Oil Arcuiniilalioii.” Science of 
Petroleum (Oxtoril Lniv. Press, Vnl. 1. pp. 2.'55-260: P. 1. Rediz. “Salt Caire 

Structures anil Their ImiKirlancc in Petroleum Geology,'’ Mines Mug., Vol. 32 (May, 
1942: June, 1942). pp. 215 et seq. 

43 P. I. Rediz, op. cit., p. 2B8. 





Tvrrndi Accituuthlion. 'I'iic W^heat pool * lies near the center of the 
Delaware basin nn the cast side nf Pecos River in I^oving County, Texas. 
It bt'Ran to produce ronimcrcially in 1925. There.is jio surface evidence 
of sirueiure of any sort at Wheat, for the bed rock is buried beneath a thick 
veneer of caliche, alluvium, and sand. 

The stratifrraphic section so far explored at Wheat extends from the 
Cenozoic down into the Upper Permian. About 1500 feet of Upper Castile 


•John Kiiicry Adams, "Oil Pool of Open Reservoir Type,” Bull. Am. Assoc. 
Petrol. Ceol., \ d 1. 20 (June. 1936), pp. 780-796, 
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(Pcrniiiiii) L‘\ii])(iriU‘.s, iiicliiiling anliyilriie, salt, and prdyhaliie (potash salt), 
are present in the wells ilrilled at Wheat, llelow is about 20(10 feet of 
Lower Castile, wliiiJi likewise consists of aidiydrite and salt, hut nr) potash, 
riie evaporiles are uiideilaiii by the thin brijole shale at ihe top of the 
Delaware Mountain ^roup, also Pertnian in a^e. lielow the Frijole is the 
resers'oir sandstrjiie. which artually consists of about 70 [)er cent very fine 
sand and 30 jier cent silt. 

riie h,‘ft lij^^ure slujws the subsurface structure as coiitouied on the top 
of the Frijole forniatioii which oseiiies the resersoir roik. I'he west-east 
cross section shoAvn to the right, and the coiiiour map itself, indicate a gentle 
dip to the east and a noticeable flatiening in the iniildle, productive, part of 
the area. The norlh-south cro.s.s section, in con junction with the structure 
contour map, sliows a fairly consistent tendi-ncy lot struitural nosing in those 
parts of the area where the producing wells are iniliiateil. 'Fhe oil occurs in 
the zone of riO-feei-per-niile dip; to the west and east, above and below the oil 
accumulation, the dip is in Uic nciji^iburhoud of lUU feet per mile and the 
sandstone is water-bearing. Wiisoju^ that ilic oil may have been 

generated locally and have been unable to escape up-ilip because of the 
lesser permeability ol the fine sand. It is also interesting to note that as far 
as the north-south section is concerned accumulation is anticlinal. The oil 
appears to have migrated up-dip on the flanks of the structural noses and 
to have become trapped at the lop, owing cither to lesser dip nr to lesser 
permeability. Cnurlcsy Arncricati Association of Petroleum Geologists. 

fW. B. Wilson, ibhl., p. 795. 
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i^iG. 50. Cvriflithsviile Piml, Wfsl Virgiiii:i, 

Syridinal Avvumulalion. The firimLhsville oil fielil • is in Lincoln CouiUy, 
AVust Virginia, abuiit 18 miles soiuhvvcst of Charlesion. It was tliseovered in 
I'lOB. Dcvelopnieni was rapid, and belore lung the prodiiLiiig aioa had 
s))read over 20 square miles. I’hc Berea sandstone is the main oil-producing 
stratiini. It is between 20 and 25 feet thick and is rine-grained. hard, and 
lightly cemented. All the oil wclJs lWY£ been small but j^cmarkably Jong 
lived. 

The structure map on the opposite page is contoured on the Berea. The 
greatest accumulaiion of oil occurs acro.s.s the ixis of the nnrllieastward 
plunging Grillithsvillc syntline between elevations - MHO and - MOO. Above 
the —MOO contour and surrounding the oil pool oii three sides is one 
ol the major gas fields of VW^st V'irgiiiia. I'he gas arcumulaiion extends 
to, or close to, the crests of the adjacent anticlines lying to the smiiheasi 
and to the southwest. Practically no water has been produceil in connection 
with the development of this field. The gas lra]>|)ing in this field is anticlinal, 
but the oil gathered in local basins along the synclinal axis. Water niay be 
pieseiiL beneath the oil down the axis of the syncline to the north, but none 
has been found in wells drilled in the pool. 

Similar synclinal accumulations in other parts of southern West Virginia 
are described by Davis and Stephenson in the same article. The Tanner 
Creek field in Gilmer Crmnty produces from the \faxr)n sand along the 
axis and up the Hanks of the Robinson .syntline. Oil is especially abundant 
in several .small structural basins ahmg the .synclinal axis. No waiter has 
been found beneath the oil. The synclinal axis plunges dowiiw^ard both 
to the northeast and southwest from the banner Greek field. The Granny's 
Greek field of Glay (ajunty. West Virginia, is also cited as an illustration 
of synclinal accumulatinn. 'The structural map of this field, however, shows 
that not only is the synclinal axis much deeper to the northeast but also 
that the production is largely confined to one flank of the .synclinc, indicating 
prid^able erratic permeability which has controlled the distribution of the oil. 
C(}uri€;sy American Association of Petroleum (leologists. 

* Ralph K. Davis and tiigeiie A. .Sieplieiisoii, ".Synclinal Oil I'iehls in .SDiithern 
West V-irginia," Slrnrturc of Typical American Oil Fields (Am. Assoc. Petrol. Gcol., 
1829). Vol. 2. pp. 571-576. 
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l iu. 51. Noii-|jiL‘rL:eiiiLMiL aiul piL'imiieiu suit ilmnrs. I’ppcr: antiiline produced by 
sail floua^c.* L.owcr: i iipiiri eit aniTiITnc bf"j^ sail dciinc. From 5f icncp □/ 

Pctrolrum: prrmiwiuu to publish purvhusvd Irom Oxlord l/M/i'erjrVy Press. 
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Salt-core structures of the pierccmcnt type are ordinarily referred to 
as salt domes in the United States and diapiric folds in Rumania. 
Wide variation exists between these striirtiires in si/e, shape, and 
degree of tectonic disturbance of the associated sediments. In the 
north German salt basin, all stages are ])reseiU between iindislurbed 
salt layers, salt anticlines, and salt slocks exlending upward into the 
overlying ruptured sediments. A moderate degree ol diastrophism 
has taken place in this basin, as shown by the folding of the rock 
strata. The diastrophism in Rumania has been murii more intense, 
and the salt has been “s(|Liirted” upward ihrough ih? apices of the 
anticlines into bodies of irregular shape, hoth the German and Ru¬ 
manian salt intrusions are small compared wilh ihrvse of the Gulf 
(^oast. 

Non-Gulf Coast Salt Structures. The piolific CUilf Coast salt 
domes of Texas and Louisiana are not the owh North American occ:ur- 
rences of salt-core sti uctiires. West and norih of the “Four Corners,” 
mainly in Utah and Colorado, is a second ])rovince of this type.*'' It 
covers about (iOOO scpiarc miles (Fig. 52). 'Fhc gyj)sifen)iis rock which 
laps the salt plugs is exposed at several places, and drilling has shown 
that the salt is not far beneath. So far, no important hydrocarbon 
deposits have been found associated with these salt-core stria lures. 'Fhe 
third North American occurrence of salt structures is on the Isthmus 
of 7'ehuantepcc in the stale of Vera Cruz, Mexico (Fig. 53). Manna 
names eighteen domes which were known definitely at that time (1!)3-1) 
to have salt cores. Fhis district has become one of the more important 
oil-producing areas in Mexic o. 

The German salt structure province is in the North German Zeih- 
stein Basin. All stages between undisturbed llat-lying sedimentary 
layers of salt and intrusive salt “stocks” arc to be found there. The 
salt-core structures are in a triangular area with the three apices lying 
in the North Sea, the Baltic Sea, and the Harz Mountains. The Han¬ 
nover, Bremen, and Hamburg districts lie within this triangular area. 

Oil was produced by means of dug wells from salt-core traps in 
Rumania before the drilling of the Drake well in Pennsylvania. 

♦♦Thnm:i.s S. Hnrrisnn, "CDlorarlo-lJiali .Sail Domes,” liulf. /Im. Amsoc. Petrol. 
GeoL, VdI. 11 (Fcliriiaiy, 1927). pp. 111-13.V, H. \V. C. Prnmincl and H. E. Crimi, 
‘‘Sail Domes of I’tiiiiian anti Pciiii.sylvaiiiaii in SourlicasLein Ulali ami 'rtieii 

fiifliiciuc on Oil AcLiiiiiulalion,” Bull. Am. /I.vjor. Petrol. GeoL, Vol. 11 (April. 
1927), pp. 373-393. 

♦I* .Marcus A. Hanna, "Geology of Gulf Goasi Sail Doines,” Problems of Petroleum 
Geology (Am. As.soc. Pcirnl. Gcol., 1931), p. 633. 
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Rumania has twu salt-structure districts: (1) the outer edge of the 
Carpathians; and (2) the intermontane Transylvanian basin. Russia 



S'lili-coreii sIructurE.s in Utah and Colorado. V.aurtrsy American Association 
of Petroleum 

also has oil-producing salt-core structures, in the Ural-Emha dis¬ 
trict north of the Caspian. Many of these, like those in the Gulf Coast 
district of the United States, were d iscovered by geophysical methods. 

■»» C. \V. Sanders, "Emba Salt Dome District, U.S.S.R., and Some Comparisons with 
Other .Salt Dome Rc(;ions,” Bull. Am. Assoc. Petrol. GeoL, Vol. 23 (April, 1939), 
pp. 192-316. 





Fir.. 53. Salt-cored structures on Isthmus of Tehuantepec. Courtesy American Association of Petroleum Geologists. 
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The Middle East has three salt-core districts. One is near Qum, 
south of 7'eheran and many miles north of the Iranian oil fields. 
Another is the Persian Gulf coast of Iran, Iraq, and Saudi Arabia. In 
this district, salt intrusives appear at the surface as hills on the main¬ 
land and islands offshore. I'he jumbled core material surrounded by 
concentric rings of younger formations makes these structures strikingly 
apparent from the air. Although some of the prolific Middle Eastern 
oil fields lie within the same district, the association appears to be 
solely geographic and not geologic. I he third salt structure district 
of the Miildle East is on the opposite side of Arabia along the Red 
Sea coast. 

In addition, salt-core structures have been reported from Palestine 
and North Africa (Tunisia, Algeria, and Morocco). Other parts of the 
world have also been credited with salt strucitires, but the evidence is 
not yet ctmilusive. However, salt flows so readily under pressure that 
it is unlikely that deeply buried sedimentary layers of salt have not 
suffered some contortion and distortion. Closer spacing of wells drilled 
through the salt measures in such districts as the Michigan Basip and 
the Permian Basin may yc:t reveal some flowage. It appears improl)- 
able, however, that the degree of salt movement in these and other 
diastrophirally (|uiescent salt basins has been of sufficient magnitude 
to produce large-sc:ale trapping conditions like those that exist in the 
Gulf Coast and Rumania. 

Distribution and Description of Gulf Coast Salt Domes. The salt- 
core structure jnoviiue of the Gulf (aiast ol North America extends 
along the cciast line, both onshore and olfshorc, from Mississippi to 
Mexico, rhe greatest concentration of salt intrusions occurs in a 
zone extending from about 200 miles east of the Louisiana-Texas line 
to a point about 200 miles west of this boundary (Fig.. 54). There are 
also three inland groups of salt-core structures. One group lies in 
the Tyler Basin of northeast Fexas, one on the cast flank of the 
Sabine uplift in northern Louisiana, and the third in eastern Louisi¬ 
ana, south central Mississippi, and western Alabama. 

The Gulf Coast salt-core structures are unique in their enormous 
per acre production of oil, in their size, and in the total absence, to 
the depths so far explored, of any appreciable diastrophic activity in 
the sediments not disturbed by the salt intrusion itself. These great 
bodies of salt arc veriical cylinders, circular or elliptical in plan, wdth 
diameters varying from y, n^tle to 4 miles and with maximum vertical 



Salt-Core Structures 


257 


dimension perhaps as great as 30,000 feel.^' The more shallow domes 
are invariably covered by cap rock, to be described and discussed sub¬ 
sequently. At least eleven ol the Cull Coast salt plugs aie known to 
overhang at the top to a varying degree.^*' As iiiiich as 2H0() lect of 



Fir:. 51. Map nf the GiilT Cir.isi ririiTi 'I uxas in Ahili:iiii:i, shnwini; lunuinii of known 

salt i1 nines. 


sail has been penetrated between top and boitoiii ol sucli overhangs 

(Fig. 5r)). 

The Gulf Coast salt tores average from 5 to 10 per lent disseniinaled 
anhydrite, with the rest halite.*'* The rehuaim*j)ei cores are similar 
in degree of purity, hut the Colorado-Utah salt is much more impure, 

■*" Marcus A. Hanna, "OtMilngv of the Ciull f'nasi Sail Hornes," Prohif'tnx of Pv- 
trohimi I'.Xm. Assoc. I*elrol. Genl., Uk’H), p. (ilfi. 

-»‘< Siilney \. Juilson anil R. A. Siaiiiui, "Ovcihanging Sail on Domes of l exas 
and Louisiana," Go// Const Oil J ielfL (Am. Assoc. I'eiiol. Genl., MiSG), pp. l il-IGM. 

Marcus .\. Hanna, ofj. cil., p. G37. 
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and in Iran the injected material is a mixture of salt, g^'psum, and 
red shale/” 

dis^^^ top oi the salt cylinder which 

may extend for some distance down the flanks. Although cap rocks 
are best developed in the Gulf Coast, they are also found rather fjeii- 
erally elsewhere, except in Rumania. 7'hey arc exposed al ihc surface 
in some places, and often have been found by drilling. However, in 
the salt-dome district of the Gulf Coast there are a number of probable 
salt-cored structures where drilling to depths in excess of 15.000 feel 
has failed to reach either the salt core or its overlying cap. The caps 
so far explored have varied in thickness from a few feel lo over 1100 
feet, with an average of about 350 feet. Allhough twenty-eight min 
erals and varieties have been described in the Gulf Coast rap rocks, 
the only ones of any abundance are anyhdrile, gypsum, and calcite, 
with sulfur present in iniportant volume in a lew places. 

Anhydrite is invariably present immediately overlying ihe salt. It is 
massive and may be banded. .Sand grains and other impurities may 
be present. 'Ilie gypsum /one of the cap overlies the aidiydrite and 
is gradational with it. Undoubtedly the gypsum is the result ol 
hydration of anhydrite which originally occupied the gypsum zone 
level, 'riie gypsum is usually coarsely crystalline selenile.''- Above 
the gypsum zone, or immediately above the anhydrite where the 
gypsum zone is absent, is the so-called "limestone" cap rock. This 
rock is an aggregate of calcite crystals, but it is not a sedimentary 
stratum of limestone. It may be porous and even cavernous. Sulfur, 
where present, usually overlies the anhydrite in the calcile or gypsum 
/ones. 

I.ike all the picrcement salt cores, those of the Gulf Coast have 
emplaced themselves by rupturing the overlying sediments. In this 
case, however, the overlying sediments were flat-lying previous to the 
intrusion. As a result of the forcible injection of the salt mass, the 
initially horizontal strata have been dragged upward from a few 
hundred to several thousand feet around the flanks of the intrusion 
before being truncated. Dips have been increased from an original 
zero to as much as 60° to 90° and even more than 90° in the case 

““ P. I. Bediz. "Sail Core SlriicUirc.s and Their InifMnlaiKc in Pclrolcuin GcDlogy," 
Mines Mag., Vol. 32 (May, 1912: June, 1942), p. 28ft. 

Marcus A. Hanna and Albert G. Wolf, ‘‘ I'exa.s and Louisiana .Sall-Ilonie Cap 
Rock Minerals," Gulf CoasI Oil Fields (Am. Assoc. Pclrol. Gcol., 1936). pp. 119-132: 
F. W. Rolshaii.sen, "Oriiiri cnee of Sideriic in Cap Rock at Carlos Dome, Grimes 
County, Texas," ibid., pp. 1.3.3-135. 

B 2 Marcus A. Hanna, op. cit., p. 642. 
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of some of I he overhangs. These strala also tend to thin toward the 
core, r)wing to allenuation by drag, or to lesser original sedimentation 
berause of coiuurrent uplift, f)r to erosion and overlap. 

The strata overlying the salt and its eap have been arched upward, 
producing, as a general rule, a quaqiiaversal dome. In many places, 
however, the overlying sedimeriis are faulted as well as arched. A 
type of structure that is becoming increasingly common, owing to 
new discoveries, is the dmne-with-graben, which overlies deep-seated 
salt cores. In this type, the arched sediments arc crossed by a series 
of nornial faults that create a keystone graben in the center of the 
domed area, I hese grabens are bordered by major faults which dip 
inwaril at angles ranging from 4!'y' to (i5”. The faults arc normal, 
and I he displacement varies from 100 feet to more than 900 feet. 
Subsidiary minor faults may parallel the major faults. Minor radial 
faults may also be present. Wallace "’*^ believes that the major faults 
boil ruling the grabens converge downward, meeting at the top of the 
salt core, and he suggests that the grabens are actually undisturbed 
areas surrouiuled by blocks lifted up and tilled by movement ^long 
the diagonal faults caused by the intrusion of the salt stock (Fig. 50). 

Rim synclines may occur about the ])erij)liery of Gulf Coast salt 
domes. 'These are closed depressions with depths up to several hun¬ 
dred feet, and like the keystone grabens, they extend down to depths 
not yet exjilored by the drill. Possibly rim synclincs are the result 
of the flowage of the adjacent bedded salt into the salt core, with 
subsequent sagging of the salt roof rock. 

Some of the shallow /ones have sunken tops, owing to leaching 
of salt followed by collapse of the cap and overlying sediments. 

Origin of the Gulf (]oast Salt Domes. There can be little doubt 
that the salt in salt-cored structures everywhere was originally stratified 
sedimentary salt. The age of the mother salt beds ranges from the 
Cambrian (Iran) to the Tertiary (Rumania). No wells in the Gulf 
Coast salt dome district have reached the source strata as yet. The 
only positive statement that can be made at this time is that the salt 
is pre-Upper C'retacerjiis. It has been variously ascribed to the Coman- 
chean, Jurassic, Permian, and even the Silurian periods. The Co- 
manchean is known to carry evaporiies in the form of anhydrite in 
the Gidf embayment rocks, and the Permian and Silurian are salt¬ 
bearing to the northwest and northeast respectively. The age of the 
Gulf Coast salt-core salt is probably the same as the age of the thick 

s-T \V. F. \V:ill:ue. Jr.. ‘‘Slnirnire of Siniih Loiiisiana DteiJ-Seared DoniES,” Bull. 
Am. Assnr. Petrol. GeoL, VdI. 28 (Scpienihcr, 194^), pp. 1249-1312. 
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A. Gentle doming and oil migration. 
Simple dome. 


-5000' 





C. Second fault. Dome with simple graben. 




Tic. 56. Suggested origin for keystone gralicns in salt domes. Courtesy American 
Association of Petroleum Geologists. 
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salt bed penetrated in exploring beneath the Smackover, Arkansas, 
oil field. This salt has been assigned to the Jurassic by some and to 
the Permian by others.'^^ 

The origin of salt-core structures has long been a subject of interest. 
Chief American investigators in recent years include Barton,®® Hanna,®'* 
and Neltleton."^ Older theories, including volcanic intrusion and 
salt crystallization,®^ are entirely untenable in the light of present 
knowledge of salt-core structures. Only the plastic flow theory is 
adequate to explain all the following observational features: (1) the 
injection of bedded salt into the ruptured roofs of anticlines in Ger¬ 
many and Rumania; (2) the uplift and truncation of sedimentary 
strata overlying the salt in the Gulf Coast district; (3) the presence 
of cap rocks; and (4) contorted banding within the salt masses. That 
salt can flow plastically has been demonstrated by numerous investi¬ 
gators in the laboratory and by witnessed natural flow of the salt 
"glaciers” in Iran. 

Barton,®" Nettleton,"" and, more recently, Balk have studied the 
mechanics of salt flowage, especially as applied to the genesis of the 
Gulf Coast domes. In all the other regions of salt-core structures, 
the local sedimentary section has been subjected to lateral pressures 
during one or more periods of diastrophism. In Rumania especially 
these tangential forces have been considerable, resulting in tight fr)ld- 
ing of the salt-bearing sedimentary rock series. Under such circum¬ 
stances, the pressures needed to cause the relatively vulnerable salt 
to flow are obvious, and the salt will move in the direction of least 

Roy T. Haz/:irri, VV. C. Spooner, B. AV. Ulanpicil, "Nolcs on I he Stralij^raphy 
of llie ronnalions AVhirh llnilcrlic the Smacknver Linieslone in vSouth Arkunsiis, 
NnrdiLMSl 'I’cxas anil North Lauiisiana." Shrevvpttrt Geul. Snc., Kept. II (1945), pp. 
IH.A-rin3. 

Donalfl C. Barlnii, "Merlianic.s of Fonnatinn of Salt Doinc.s with Special Refei- 
cncc to (>1111 Coast Salt Domes of Texas and Foiiisiana,” Gulf Coast Oil Fields (Am. 
Assoc. pL'lrol. Clcol., 19.36), pp. 20-78. 

Marcus A. Hanna, "Gcolof^y of Gulf Coast Salt Domes,” Problems of Petroleum 
Grnlofry (Am. Assoc. Petrol. Gcol., 19,31), pp. 629-678. 

L. L. Neltlelnii, ‘'Fluid Mpchanirs of Salt Domes,” Gulf Coast Oil Fields (Am. 
A.ssoc. Petrol. Gcol., 1936), pp. 79-108; ‘‘Recent FxpcriiiiL'iital and Geophysical Evi¬ 
dence of Mechanics of Salt Dome Formation,” Pull. Am. Assoc. Petrol. Geol., A'ol. 27 
(lanuary, 194.3), pp. 51-63. 

B8 Revived liy Bailey AVillis, “Ariesian Salt F'ermations,” Bull. Am. Assoc. Petrol. 
Geol., Vol. 32 (July. 1918), pp. 1227-1264. 

HD Donald C. Barton, op. cit. 

HD L. 1.. Nciilcion, op. cit. 

HI Riiheri Balk, "Structure of Grand .Saline Salt Dome, A'an Zandt County, Texas,” 
Pull. .-Im. As.wr. Petrol. Geol., A’nl. 33 (November, 1949), pp. 1791-1829. 
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resistance, which is through the fractured anticlinal crests. However, 
in the Gulf Coast district there is no visible evidence of the existence 
in the past of any appreciable tangential pressure. It is quite possible, 
if not probable, that there is an angular unconformity at depth be¬ 
neath which the salt measures are folded and in which the original 
piercement of the salt roof rock look place,"- but all the later injection 
has been through strata which had been hitherto undisturbed. The 
authorities ascribe this movement to (1) the great weight of the thick 
body of sediment overlying the salt-bearing strata, and (2) the lesser 
density of the salt compared with that of the "country rock." The 
static weight ol the overburden pressing upon ihe relatively incom¬ 
petent salt caused it to flow plastically, moving upward through what¬ 
ever openings it could find in the roof. Once the salt body became 
a vertical feature, its lighter weight, com])iired with the weight of 
the laterally adjacent rocks, would create an isostatic ineqnilibrium 
which might cause further vertical movement. Barton points out that 
both the coastal and the interior salt domes of the Gulf area are in 
regions of pronounced downsinking; he believes, therefore, that much 
of the injection of the salt cores into the sediments has been actually 
residual accumulation of salt stocks by "downbuilding." "" As the 
mother salt beds and the associated sediments sank, the plastic, lighter 
salt drained into the base of the non-sinking (or even iip-rising) salt 
prism. 

The value of interstitial water as a lubricant in aiding salt flow 
is stressed by some investigators and seriously questioned by others."* 

Most students of Gulf Criast salt domes agree that the upward 
(relative) movement ol the salt cores has been intermittent rather 
than continuous.""’ This movement ceased at various limes in the 
geologic past. Occasionally, post-PIcistocene movement has taken 
place, and some of these salt-core structures may he still growing. 
Vaiipus reasons that have fjecn suggeslcd for the cessation of upward 
movement of the salt include: (1) establishment of isostatic equi¬ 
librium; (2) reaching a balance between static pressure and frictional 

H2 E. DeColynr, “Origin of Norlh Ameriraii .Sail Durnc.s," Bull. Am. Assne. Petrol. 
Geol., Vol. 9 (AiiRiisl, 1925), pp. H31-H74. 

H:M)niiald C. Bailon, "MechaniM of I'Drinalioii of Sail Dome.s with Special Refei- 
ciit'E ID Gulf Coasi Sail Dome!* of Texas and I.niiisiana," Gulf Coast Oil fields (Am. 
A.ssoc. Petrol. Geol.. 1936), pp. 54 el seq. 

L. L. Neltlelon, "Fluid Mcdianic.s of Sail nomes," Bull. Am. Assoc. Petrol. 
Geol., Vol. IB (Scpleml)er. 1934), p. IIBO. 

BB F. M. Van Tuyl and Ben H. Parker, "The Time of Origin and Accumulation 
of Petroleum," Quarterly Colo. School of Mines, Vol. .36 (April, 1941), pp. 130-1.33. 
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resistance; (3) cessation of regional doumwarping; (4) exhaustion of 
salt supply; (5) removal of peripheral salt accompanied by a drawing 
together of the underlying aod overlying strata. 

The origin of the cap rrjcks and of the cap-rock minerals has also 
led to a lot of observation, cerebration, and publication.”" The domi¬ 
nant and sole essential mineral in cap rocks is anhydrite. Its presence 
and position have been explained in several ways, but chiefly by cither 
(1) the residual accumulation, through differential leaching, oE an¬ 
hydrite originally disseminated through the salt mass, or (2) by the 
punching out, followed by a ride upw^ard on the top of the salt stock, 
of a slab of sedimentary anhydrite country rock. The best arguments 
for the second theory appear to be the sharpness and liorizonlality 
of the anhydrite-salt contact exposed in digging a shaft to the salt 
in the Texas Gulf Coast, and the presence of horizontal bands of 
sandstone at one level in the 900-foot-thick anhydrite cap.”^ The 
arguments opposed to this concept are based mainly on improbability. 
So far as the writer knows, no 900-foot bed of sedimentary anhydrite 
has ever been noted. Furthermore, the r]uestion naturally rises as 
to why anhydrite, out of the many different types of rock passed 
through by the rising salt mass, should be the only one to be punched 
out and carried upward. 

According to Hobson, "In Germany it has been widely accepted 
that if the salt rises into the zone of circulating subsurface waters 
the soluble maierials at the lop will be removed, leaving a more or 
less flat table of anhydrite, gypsum, and clay." This has also become 
the more generally accepted theory for the origin of the Gulf Coast 
cap rocks. The presence of 5 to 10 per cent of anhydrite in the Gulf 
salt cores has already been mentioned. Althougli bolh minerals are 
relatively soluble compared with most other minerals, salt is much 
the more soluble of the two. Any con tart of the surface of an 
anhydrite-containing salt core with ground water would indubitably 
lead to an enrichment of that mineral in the contact zone. 

Mai'cns A. H»iiii:i, ‘‘Gcolof^y of Gulf Coast Sail Domes," Problrms of Pf‘trotcnm 
Grri/ogv fAm. Assoi. Fclrol. Cirnl., 1931), pp. fi4H vt seff.: Ralph F.. Taylor, “Origin 
of Cap Rock of Louisiana Salt Dniiics," La. (wPoL Sitniey, Bull. 11 (ID.'lft): L. .S. 
nrown, "Cap-Rock l*elrof;rapliy.'' Bull. .4m. .4ssoc. Pt'fiol. GeoL, \'nl. ITi (Mav, 
1931), pp. .^109-529: M. I. Ch)lilinan, "Origin of the Anliyilrilc Caji Rock of Ameri¬ 
can Sail Domes,’’ U. S. Grol. Surcey, Prof. Pfil)rr 175 (1933). pp. H3-114. 

L. P. Teas, "Hockley S:ilt Sliafl, Harris County, Texa.s," Gulf Coast Oil Fielfis 
(Am. Assoc. Pclrol. Geol., 1930). pp. 130-M0. 

CL D. Hohson. "Salt Sinn lures: Their I'orm, Ori;;in. and Relationship to Oil 
.ArL'imuilation/' A'riVfirp of Petroleum (Oxford IJniv. Press, 1938), Vol. 1, pp, 258-259. 



Salt-Core Structures 


265 


Opinions also vary as to the genesis of some of the associated min¬ 
erals in the cap rock. No doubt the gypsum that overlies the anhydrite 
is formed by hydration of the anhydrite. The sulfur that is present 
in a few caps is much more difficult to exjilain. I'he occurrence of 
native sulfur as a probable alteration proiliicl of anhydrite in Sicily 
and elsewhere supports the belief that the Gulf Coast sulfur is likewise 
derived from anyhdrite. Since the limeslone part of the ca|) always 
overlies the anhydrite-gypsum zone, it could not be the result ol 
residual accumulation of calcite crystals carried within the salt. It is 
more likely the result of interaction between carbonate waters and 
calcium sulfate which resulted in the preeipitation of calcium car 
bonate. The limestt)ne zone is characteristically r:a\ernoiis, and in 
many places it consists of collapse breccia which contains iniermingled 
fragments of sedimentary limestone, sandstone, and f)tlier types ol 
rock from the overlying section. Some of the sandstone fragments 
rouiul in the cap rock are thought to be "xenoliths’' carried upward 
by the salt along with the anhydrite."" 

Hanna"" has divided the various stages in the evolution of the 
American salt-core structures into youth, maturity, and old age. Youth 
is the stage of earliest salt flowage, ivheii the beddt'd, flat-lying salt 
flows into aiuiclines, anliing ihe overlying sediments. In maturity 
the roof is breached, the salt stock starts upward and solution at the 
top f)r the stock becomes active, resulting in a concentration of an¬ 
hydrite. During old age the stock continues ujnvard and the rap 
increases in thickness. Scdiition activity spreads down the flanks of 
the salt core. Overhang of both rap and salt may be produced. Rim 
synclines are developed in the surrounding rocks. In extreme senility 
much salt is removed by circulating water, and collapse of the cap 
results in depressed lops. I he cycle ends when upward movement 
and solution cease. There is some evidence that a ff;w Gulf Coast 
domes have been actively eroded."* 

Oil Trapping by Gulf Coast Salt Domes. Salt-core structures are 
important to the petroleum geologist because the intrusion of a salt 
Slock creates local traps in which hydrocarbons can accumulate. There 
is no genetic relationship between salt and oil; the relationships arc 

0" Marcus A. Hanna, "ncnlogy of Gulf C^na.sl Sail DnniEs,’’ Problems of Petroleum 
Gf'D/og}’ (Am. .Assoc. Pclrnl. Gcol., 1934), p. 643. 

70 Marcus A. Hanna, op. vit., pp. 656 et serj. 

71 Marcus A. Hanna, "Evidence of Erosion of Salt Slock in Gulf Coast Salt Plug 
in I.ate Oligocenc," Bull. Arn. Assor. Petrol. Ceol.^ Vol. 27 (January, 1943), pp. 85-89, 
and Vol. 23 (April, 193.9), pp. 604-607. 
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Fig. 57. Spindlctop, Texas. 

Cap and Flank Product ton. The disrovery d( oil by Captain Lucas at 
Spindlctop in January, 1901, marked the beginning of the Gulf Coast oil 
industry. The discovery well, drilled on the top of a topographic mound, 
w'as a gusher, estimated to flow 75.000 barrels daily. Sixty-four gushers of 
equal capacity were completed during the following 9 months. 

'File illustration is a composite from cross sections publislied by Deussen,* 
Harton and Paxson.J and Eby and Halboiity.J The initial disetwery was in 
“limestone” cap rock which in reality is a highly cavernous dolomite. Coupled 
with the phenomenal early production rate w'as the rapid exhaustion of the 
reservoir; by the end of 5 years the field was down to 4000 barrels daily, 
relatively a mere trickle. The Spindletop enp-rock discovery was followeil 
between 1901 and 1905 by similar discoveries at Sour Lake, Batson, and 
Humble, but there have been no important fiinh nf this nature in the Gulf 
Coast area since. 

Above the productive cap rock at Spindletop and Humble are several 
shallow sands belonging in the Li.ssir-Reynosa (Pleistocene) group in w'hich 
some oil had accumulated, probably the re.sull of leakage from the underlying 
cap. 

Production from reservoirs flanking the salt cores was discovered first at 
Sour Lake in 1914. The snuthwe.st flank al Spindletop w'as lound to be 
productive in 1926. A second .Spindletop "bfMim” followed, and during 
the following decade the flank produced 50 per rent more oil than the 
prolific cap rock had produced since discovery. The flank reservoirs are 
sands in the Fleming formation of Miocene age. 

The trapping at .Spindletop has been due to various situations brought 
about by the intrusion of a salt stock. Over .50 million barrels of oil accumu¬ 
lated in the cavernous dolomitic cap rock which is overlain by relatively 
impervious sediment. Even greater in volume is the oil caught in the 
flank sands which were dragged up and pinched oH by the salt intrusion. 
A little oil appears to have worked upward into arched supercap sands. 
Originally the oil must have traveled laterally into the flank and cap traps. 
Courtesy American Association of Petroleum Geologists. 

•Alexander Deiis-scn, "Oil-Producing Horizons of Gulf Coa.st in Texas and 
Louisiana," Gulf Const Oil Fields (Am. Assoc. Pcirol. Gcol., 1936), p. 3. 

f Donald C. Barion and Roland H. Pax.son. "The Spindlctop Salt Dome and Oil 
Field, Jefferson Cniiniy, Texa.s.” Hull. Am. Assoc. Petrol. Geo/., Vol. 9 (May-June, 
192.5), p. 601. 

J j. Brian Kby and Michel F. Halboiiiy. "Spindlctop Oil Field, Jclfcrson County, 
Texas," Bull. Am. Assoc. Petrol. Geo/., Vol. 21 (April, 1937). p. 486. 
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Fig. 5B. High Island Dome, Texas. 

flank Production from benrath Onrrhan^. I'hc High Island salt domr • 
lies abnut a mile inland from the Gulf of Mexirn in (Galveston Goiiiiiy. 
Texas. It is marked at the surface by a imuind that rises above the surroiiml- 
ing marshes for a height of about 20 feet. The preseiue of this hill, so 
similar in appeaiance to that at Spinillciop, plus abundaiu seeps of suifuroiis 
inflammable gas, led to an oil lest in 1001. This test, and many more in 
the succeeding years, were iinsurcessful. It was not until lf)22 that kligli 
Island became a commercial producer. 'I'hc first successful wells were drilleil 
into porous cap rock. In l!l,^l the discovery well for the deep and pnilifii 
Hank reservoirs was drilled; this well also proved the [)rcsence of an overhang 
of cap rock and salt with producing .sands benea b the overhang as shown 
in the cross section on the opposite page. 

Above the High Island salt core is the “true" rap consisting of anhydrite 
grading upward into gypsum with calcite at the top. I he maximum thick' 
ne.ss of this cap is 675 feet. Above the true cap is tbe “false” cap, which 
ranges from 200 to 1300 feet in thickness. Il consists of hard sandstone 
and “lime rr)rk“ which is ac tually calcareous sandstone. I'he initial produo 
lion at High Island was from the calcite zone in the true cap. 

According to Halbouty the overhang had been proved for all flanks drilled 
at that time, which included the northwest, west, soutli, and southeast, and 
probably continued completely around the .salt core. The liori/ontal extent 
of the overhang is as much as HOO feet. Iloih the rap rock and the salt 
itself occur in the overhanging section, as shown on the opposite page, 
riie sedimentary formations below the nvc*rhang arc faulted, broken, and 
distorted. On the western flank much gouge material is present in this zone. 
A peripheral fault is assumed, and a well developed graben was discovered 
off llu' south flank. 

riie most prolific of the flank .sands are in the Lower Miocene [MDv zone) 
and Middle Oligocene (Disrorbis zone). These sands are dragged up so that 
in some places they arc vertical. The intrusion of the .salt core also shattered 
and faulted the reservoir rocks. Apparently the oil migrated through the 
Tertiary sandstones up-dip toward the salt stock and were trapped in lUv 
broken zone beneath the salt and cap overhang. Courtesy American Associa¬ 
tion of Petroleum Geologists. 

• Michel T. Halbnuty, "OcolDgy and (icophysics Showing Cap Rock and Salt 
Overhang of High Island Dome, Galveston County, Texas," Gulf Coast Oil Fields 
(Am. Assoc. Petiol. Geol., 1936), pp. 9011-960. 
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Ftg. 59. Dnmnn Mniiiifl. 'I rx.is. 

.SVi//-Cf3rp rinnk Arniwuhttifm. Tin* siruciinL* rniiLOiir ni;ip and cross set 
tiun on the opposite page are for the Damon Mmiiul • oil field in north 
western Hra/oria County, Ti'xas. Damon Minind itself is a conspicuous 
topographic feature on the I'cxas Coastal plain, rising 85 feet above the 
surrounding countryside, and readily visible froiii points 5 ami fi miles away. 
Other criteria of a salt-core structure were noted bv ihe early settlers. Many 
ol their wells struck highly ininerali/ed w'ater, and a few produred a small 
amount of iiiflaiTimable gas. I'lie northern pari of the hill nniiained isolated 
crystals ol sulfur, the W'estern Hank a l-acie deposit of sour rlirt; and on the 
eastern slope the limestone cap rock cropjted out and was i|uarrii'd in the 
early days. 

When Captain Lucas completed his famous gusher at Spindletop in Jan 
nary of 1901 attention was focused on salt donu.:>, and before the year was 
out a test had been drilled at Damon Mound through the cap rock anil 
into salt for a distance of nearly fiOO feel. Neither this well nor any of four 
additional cap-rock tests Iftund even a favorable show of oil or gas. Activiiy 
at Damon Mound was dormant between 190.5 and early in 191.5 when the 
second cycle of salt-dome exploration, the search for Hank produition, leil 
to the drilling of a well on the west side of the hill which ran wild for a 
time, producing an estimated 5 million cubic feet ol gas and 100 barrels of 
oil daily before it sanded up and was abandoned. 1 wo years later the first 
commercial producer was drilled. Lhe oil atiiiniulations are two in nuinber. 
one, the larger, on the souiluvestern side, the other on the northeastern side. 
■About 15 per cent of the total acreage of the nimiiul is classed as productive. 

The structure contour map on the opposite page is ba.seil, for the Hank 
structure, on a marker limestone bed within the Helrro.\(r^ina zone of the 
Oligocene. The most prolific of the producing sands occur within the 
Heirroste^ina and another Oligocene /one, the Mariritnilina. The relative 
upward movement of the salt core has dragged up these sands, pinched 
them off. and faulted them. Lhe dips within the proilucing areas are in 
the neighborhood of 40"; the sands in the non-productive segiiients of the 
salt dome Hank arc either considerably less or greater. Hevier believes that 
the adjacent bituminous strata in the stratigraphic section on the flanks 
of Damon Mound were the .source beds and that the oil migrated into the 
sandy layers and became trapped up dip. largely owing to peripheral faulting. 
Courtesy /Irneriran /Issorialioji of Fetrohum Grolo^isls. 

• George M. Hevier. “ F he DaniOii Mminil Oil l iehl, l exas," Jliill. Am. Assoc. 
Petrol, (ieol., ^’l)l. 9 (May-(line, 192.5). jip. .50.''i -ri3.'>. 
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Fit. 60. Conroe. Texas. 

Supercap Product ion. TJic Conroe oil field • is in Moiu^nniery Cniinry, 
Texas. 40 miles nnrih ol IToiiston. Although jnetecled by (-onse Creek 
and a lew otlier 6elds the Camroe di.scnvcry in 1!)31 u.shcrcd in a new era 
in Gull Coast history. .Siiirc (Conroe most of the Gull (a»ast oil has been 
produced from domes which are a.s$unied to overlie a salt mre. but the core 
is so deep-seated that it has not yet been penetrated by tlM“ drill. 4'oday 
there are literally liiindreds of helds of this type in Texas and Louisiana. 

.Mthoii^h the arched sands above the cap pindiiced some oil iii the "pierce- 
iiient" type of structure at Spiiulleiop and Jennings and peiiiaps other fields, 
the deep-seated supercap production at Conroe is analogous only in relative 
position and prnhalile structural origin. At Coiooe the assumed salt core 
is hundreds if not thousands ol feet lielow the lowest "supercap” oil, and 
the field has 17.200 producing acres which at the time of discovery exceeded 
the total aggregate proiluctive acreage of the entire fhilf ('oast salt-dome 
province of I exas and Louisiana. 

rhe prediscovery surface indications at Conroe consisted of gas seeps and 
springs of hydrogen sulfide-liearing water. iSoine unusual clay outcrops were 
tliought (but never jnoved) to be iiiliers. 

I’lie iijipcr figure shows the geologic structure of the (Conroe field mapped 
on the top of the inaiii producing .sand. Below is a northwest to soutlieasi 
cross section. Lhe (uouroe structure is an unusually .symmetrical dome with 
a structural relief in the Caickfield (Loceiie) of over HOI) feet and closure 
of -160 feet. Crossing the dome are three parallel normal faults. I'hc fault 
pair to the sfiiith creates a keystone grabeii, mile wide, which occupies 
the exact center of the dome. Jhc displacements range from zero at the 
ends to a maximum of Ifi.^i leet. 

Acciiniulation has occurred in three sand members of the Corkfield, of 
which the lowest ( “Couroe”) is most ini])ortant. However, the fault planes 
arc not tight within the Cockfield, so there is free communication between 
sand mermbers and they constitute one reservoir with a gas cap above and 
bottom water below. The gas cap is 170 feet thick, and the nil occupies 
an interval LSO feet in thickness. Lhe elevation of the oil-water contact 
is rather uniformly 4OHO feet below sea level. Courtesy American Association 
of Petroleum Geolof^isls. 

* Frank W. Mirhaiix, Jr. and F. O. hiirk, "Lnninc Oil Field, Mnnigoiiicry County, 
Texas,” Gulf Coast Oil fields (Am. As.soc. Tcirol. Geol., 1336), pp. 7H3-832. 
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tniircly phy.sicHl. Oil and gas deposits may oaur in three positions 
in respect to the salt core, namely: (1) in the cap rock; (2) in the 
sedimentary rocks on the flanks of the salt intrusion; and (3) in the 
sedimentary rocks arched over the top of the stock. No commercial 
d^osits have ever been found within the salt. Most fields in the 
Chjlf Coast produce from only one of the three potential reservoirs, 
hut some produce from two, and at least two (Spindletop, Texas, and 
Jennings, Louisiana) have produced from all three. By means of 
modern geophysical tcchnii|ues, it is possible to discover and even 
“pin point” salt-core strut tures. However, the area of accumularion 
may be so small, especially in the case of flank tra|)piTig, that the 
explorer may have to drill many failures before drilling tlie discovery. 
But the rewards are well worth the gamble; the Ciulf Ctiast salt-core 
fields are noted for their |)rolihc yields, esj>ecially for their enormous 
|)rodiirtion-jjcr acre figures. 

Cap-rock production is almost entirely confined to the limestone 
cap. The limestone may be brecciated. because t)f either salt thrust 
or collapse. Solution jjorosily is common, anti some cajjs ha\^e been 
round to be truly cavernous. Phenomenal yields have been obtained 
at S|)indlctop, Texas, which is illuslraled in Fig. .57, and at Humble 
(Hairis County, Texas) from cavernous caps. All production to date 
from cap-rock reservoirs has been from relatively shallow depths; 
Hanna points out that thick limestone caps are found only near 
the .surface. 

Flank produciioii may be from pinched sands in the drag zone or 
from reservoirs abutting against the so-called “gouge” at the salt- 
country rock contact. .ScviTal cases are known where the oil is ob¬ 
tained from reservoirs immediately underlying an overhang in the 
salt stock. This is illustrated by High Island, Texas (Fig. 58). Wedge- 
outs of sandstone's may occur on the flanks owing to drag or uncon¬ 
formities or both. Flank gouge is in reality a porous mixture of 
residually concentrated granules of anhydrite from the salt stock with 
country rock sand and shale. As a general rule, flank production 
from any one reservoir is confined to but a small segment of the total 
circumference of the salt dome. Spindletop (Fig. 57) illustrates flank 
as well as cap accumulation. Also shown to illustrate flank trapping 
is Damon Mound (Fig. 5fl). Other famous flank fields are Anse la 

Marcus A. Haiina, of the Ciiilf Coast Sail numes," Problems of Pe- 

irolrum Geology (Am. .'Xssoc. l*uirnl. Gcol., lR3t), p. 669. 
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Butte and Jcnnini^sin Louisiana and Barbers Hill,"-’ Humble, 
and Sour 1/akc in I'cxas."'’’ 

Super-eap aceunuilaLifm is in norniaJ reservoirs whieh have been 
arched upward inio ainiilinal traps by a sail iiuriision. The usual 
laws of antiLlinal aiiimuilation apply, but ilie distribution of the 
hydrocarbons arross the top of the structure mav be complicated by 
the scf^nieiitation produced by faulting."' With a few relatively insig¬ 
nificant cxceptif)ns, all these salt stocks are so deeply buried tliat their 
actual existence has not been proved: the reservoirs are classified as 
super-cap because of the geographic lot ation (in the case of Ciulf Coast 
structures), the tjuai|iiaversal shape of the dome, minimum gravity 
readings in some instances, and, perhaps, the presence of central 
grabens or rim syncliiies. Super-ca|j accimmbHion is illustrated by 
the Conroe (Fig- fid) field, Texas. Most of the many fields iliscovered 
in the Gulf Coast district since lf)-fl are of ibis type. Some of these 
fields are described under Texas and Louisiana in ('Jiapter I). 

Other oil-yielding stiucliires iliai may owe their genesis to the 
plastic flow of deeply buried sail are the domes of the Ciulf interior, 
illustrated hy Hawkins (Fig. fil), and the accumulations which have 
taken f)lafc along the Ciulf Cr)ast in antiilines lying al the edges of 
downfaulted bloiks. Ibe la Her type is known as ihe Te[)etale strui- 
tiire and is illusirateil in this chapter by the West Fepetate (Fig. fi2) 
field, Louisiana, and in Cliafiter !l by the La Rosa (Fig. 12.5) field in 
Refugio County, I’exas. 

FAULTS. Ihv same earth forces that treate folds may cause the 
rocks to break and fauli. Nmiiial faulis residt from vertical move 
ments and liori/t)Uta] tension; reverse faults are the ])roduct of laliTal 
compre.ssional forces in the earth’s crust. 

Faulting j)lays various roles in the accumulation of oil. For example, 
graben fauliiiig may result in an adeipiate sedimentary section for 
oil occurrence in an area where the normal section is too thin. Over- 

F. W. Uiiii's aiitl piv It. Wli:irli)ii, |r., "Aii.sc' l:t HiiMl' niiiiie, .Si. Marlin J*aii.sli. 
I.riiiisiaiia. ” Hull. .lui. Assoc. Petrol. CwtoL, Viil. Ii7 f.Aii^nsl, 1!)13), |j|i. 112't--l I.')!). 

M. I . I1:ill)i)iilV, '‘CtTilrigy anil (^I'lipliy.sii.s iil Sniillu'a.si Mank iiI Jeiiiiin^s 
Dnnic. Aiailia Farisli, I.niii.siaiia, willi Speiial RcIltimhi* In Overhang,” Hull. Am. 
.l.ssor. l*f‘trol. (mcvI., 10 (Sepii’nihcr, 1035), p|). 13()H-1.320. 

\I. I. Halhoiilv. “(icnlngy aiiil Fninriiiiic Signiliiain □ nl Itarhcrs Mill Sail 
niiiiiE,” Il’nr/f/ Petrol., \'iit. It) (January, 1030). pp. 11)-.5.5. 

Ali-xaiiiliM Dl’Ils.sl'II, ‘'Oil-Frniliiiiiig Hriii/uiis lit Gulf Giiasi in Texas anil 
lauiisiana.” Hull. Am. Assoc. Petrol. (*eol., Vnl. IH (April, 10.31), p|i. .500-51H. 

"" \V. h\. Wallaie, jr., ■‘Smiiiiire iif Souili Louisiana Dcep-Suaieil Domes,” Hull. 
Am. As.\or. Petrol, (ienl., \’ol. 2H f.Scpiember, 19'14), jjp. 1249-1312. 
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Fic. fi2. West Tepetate. Lmiisiana. 

Gulf Coast Anfichnal Arcujuuhtioji in Dnwnbloi h. Second only to the 
salt dome in inipnrtanre as a trap for liydrorarbons alonp the Gulf Coast 
of Louisiana and Texas is the elongate anticline in whiili acnimulation is 
in the downblock of a fault. Elsewhere than in these rnasial districts accumu 
lalion is almost always in the upblock. The Gulf Coast faults parallel the 
shoreline and the strike of the (hilfward-dipping sediments. The shore-side 
block has dropped: on this block next to the fault plane is an anticline 
with long axis parallel to the fault. Oil moving up-dip from the direction 
111 the (iull has been trapped in this ant it line, and either the fault on the 
north flank or the oil-water interface limits production in tir.it direction. 

Sometimes called the "Tepetate type” striicture. because iiT its occurrence 
at lepetate, Louisiana, downblock anticlinal .icriimiilatinn is illustrated here 
by the adjacent West Tepetate * held. I'his lies about 10 miles norlheasl 
of the town of Lake Charles in the northeasiern loriier of Jeflersoii Davis 
Parish. 

The structure maj) contoured on the Klunipp ./ oil sand, which is the 
principal producer, is shown on the opposite i^is.r. The West J'cpetatc 
anticline is a low. gentle feature with ouly fiO to 70 feet of closure above 
the oil-water level. I’he dips range from about 100 to 200 feet per mile 
at the Kltini|)p level. The fault on the north side has a displacement of 
about 600 feet. 

llic lower hgure is a composite structure map made by superimposing 
approximately etjuivaleiH contours from each id four structure maps. This 
composite shows that iliiring the growth of the West Tepetate anticline the 
/one of greatest uplift shifted northward and lengthened in an east-west 
direction. 

The jwoducing section in the West 'Lepetate liehl lies below the Second 
Marginulina sand in a series of sanilstones lommonly considered to be Middle 
Miocene in age. The a\erage depth of the Klumpp A reservoir is 8500 feet. 
Some oil and considerable gas distillate have been lound in lower reservoirs. 

The uplift is assumed to have been caused by the deej) seated intrusion 
of salt. After (or during) the arching of the strata above the salt core the 
hydrocarbons in the various permeable layers moved upward toward the 
structural crest, where they became trapped. Crnnlesy Amrrirati Association 
of Prirolmm GeoJofi^ists. 

•Fred W. Bates and jay B. Wharton. Jr., '(ienlogy iil West lefielalc Oil Field, 
JetTeisnii Davis Parish. I uiiisiaiia,’’ Hull. -Jm. A.ssor. Petrol. Ceol., Vol. 32 (Septem- 
her, 1918), pp. 1712-1727. 
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thrust faults may produce anticlinal traps in the thrust sheet, or they 
may mask possible traps in the underlying block, llling "® calls atten¬ 
tion to what he terms "contact enrichment,” by which is meant the 
bringing together of source rocks and reservoir rocks on opposite sides 
of a fault plane. Obviously, however, for contact enrichment to be 
effective the faulting would have to take place before the source rock 
was ihrough yielding oil. Without druibt, fault planes function in 
some areas as channels for vertical or transverse migration. This 
migration may be from deep-seated "carrier beds” upward into more 
shallow reservoirs, or it may be from reservoirs to the surface, produc¬ 
ing seeps. 

Oil-field faults, by which is meant faults passing through hydro- 
carbr)n-l)earing reservoirs, are of two structural lyjjes: (1) along the 
crest or high on ilie Hanks of aniiclines, and (2) strike faults cutting 
plunging anticlines on monoclines. The first faults are not traps, 
for the f)il would have accumulaled in the structure whether the faults 
were jjresent or not. However, such faults may control the distribu- 
lion i)i oil on the anticline by placing a barrier across the path of the 
hydrocarbons inigraiing through the reservoir rock loward the top 
r)f the anticline. The continuation of the reservoir rock across the 
fault plane may have been tlroppcd below the level of the oil-water 
iiUcifate so the reservoir rock contains only water. On the other 
hand, aniiclinal faults may interconnect various reservoirs, uniting 
them into one continuous reservoir. On some domes the faulting 
has luj effect on accumulalion whatsoever, for the displacement has 
not been suffic ieni to offset coni|jletely the reservoir rock. 

Faulted plunging anticlines on monoclines are true traps, for in 
these the oil would not have accumulated where it did were it not 
lor the dam created by the faulting across the pathway of the hydro- 
1 arlmns migrating up a dipping reservoir rock. Fault trap pof)ls tend 
to be elongate parallel to the fault line, and the accumulation is 
bounded by the fault on the up-dip side and by water on the down-dip 
side. 1 he greatest concentration of fault trap ])ools occurs in Texas 
along the Mexia fault /one, where such pools as Mexia, Powell (Fig. 

Richland, Wortham, and Talco have made this zone a leading 
oil-producing district.'” Oil w^as discovered in the Mexia district in 

(1. Illiiif;, " riie Rule III raiiliiii^ in ilic Ariiiiniihilitni ol Oil ami tias. " 
Sririirf' uf Petroleum (Oxforil l iiiv. Press, ni3S), \ nl. I, pp. 2rj2-2ril. 

H. Lahee, "Oil and Oas Fields ol the Mexia and the Teliiiacana Fault /one, 
Texas." Structure of Typical American Oil Fields (.Ain. As.soc. Petrol. (fCoI., 1929), 
Vol. 1. pp. .30I- 3RH. 




Fir.. 63. Fniill trap. Diarama of Powell oil field, Texas. Coiirfe-jv Hitmhle Oil Company and Texas 

Memorial Museum, Austin. 










280 


Accumulation: Traps 

the Woodbine sand in 1920. 7’lic zone is dominated by a series of 
c:h)sely related parallel eii echelon faults. The displacement at the 
surface is as much as 150 feet, but it increases severalfold with depth. 
The fault ])lancs dip .^5 ' to 00" w^est, steepening in the limestone 
and lessening in shale. Owing to the dip of the fault plane, produc¬ 
tion may be found up to a half mile west of the fault outcrop. The 
older pools are from to 0^4 miles wide and up to 7 miles long; 
the newer Talco field is considerably larger. The Talco field is an 
example of fault trapping and is illustrated in Fig. G4. 

Very similar in structural relationship to the fault trap pools of 
the Mexia zone arc the Pickens, Mississippi, field and the Gilbertown 
field in Choctaw County, Alabama.^" I'hese are illustrated in Fig. 65. 
At Gilbertow'n the oil migrated updip through the sandy upjjer Eutaw 
formation and through a frac lure system in the over lying Selma chalk 
until it reached the barrier formed by the fault. Fault trapping is 
also assumed for the Olinda end of tire P>rea (^anyon-Olinda field, 
which lies along the Whittier fault in the Los Angeles basin. I he 
greater [jart of the prodiution at Olinda is rrbiaimtl from inclined 
reservoirs that abut against this fault.'" l o the westward in the lirea 
C’.anyon part of the field is an elongate anticline the axis of which 
parallels the Whittier fault to the south, anil the accumulation there 
is controlled by this anticline. Still another example of fault trapping 
is in the Greater Oficina area in eastern Venezuela, where “acrumula- 
tion is controlled largely by normal faults constituting barriers to 
migration of oil southward ami westward up the regional dip of the 
basin. Stratigraphic |)inchoiits are locally imj)ortant adjuncts lo ac¬ 
cumulation.'’ Faulting has also been responsilde for traj)j:)ing in the 
Eocene rocks in the Meiie Grande field in western V^enezuela.^'’ 

Figure 66 is a drawing of a model of the Creole field which lies 
1 14 miles off the coast of Louisiana and was the first field discovered 
in the open waters of the Gulf of Mexico. Not only docs this figure 
portray graphically the fault trapping in the Miocene sandstone 

A. N. Ciinciil, "Cullierluw’ii I'iclil, Chociaw CihiiUv, Aliiljaiiia,” Structure of 
Tyfjirtil Amvrictin Oil firlds (.\iii. A.ssoc. rcliol. CcdI., l[l-tH), Vtjl. 3, pp. 1—1. 

A, En^li.sli, “fienloj'v amt Oil KesiiiircES nf ilic Piiciilc Hills Region. 
Scnilhcrn Calirnmia," t^ 5. Geol. Survey, Bull. 768 (1326). pp. 80-81. 

H. D. Hcilbcrg, L. f’,. Sas.s, H. ). I'liiikliuiistM', "Oil riclils of Grcalei Obcina 
Area, Central An/oalegiii. X'eiicziicla.” Bull. Am. .‘Lssor. Petrol. Geol., Vol. 31 
(Derciiilier, 1!M7). p. 20110. 

Si a IF oF t^arihlu-an rulioleiini rninpany, “Oil lielils ut Royal Dulcli-Sliell C^iniip 
ill XVcslern X'LMieziiula," Bull. Am. .Jssoc. Petrol. Geol., Vnl. 32 (April. 1948), p. 576. 

riu'i'on XVas.son, "Creole Field. GiilF oF Mexico, Coast of Louisiana," Structure 
of 7>7n'r«/ .Imerican Oil Fields (.Am. Assoc. Petrol. Geol., 1948), Vol. 3, pp. 281-298. 
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reservoirs but it also shows how the field was exploited by drilling 
a scries of slanted holes from one ])latforni. 

FISSURES. Fracturing without faulting is most common, espe¬ 
cially in brittle rocks. Many different forces operating in the earth’s 
crust may produce fissures. Contraction, which accompanies cooling 
(igneous rocks) or dehydration (sedimentary rocks), results in columnar 
jointing. Horizontal tension and diastrojdiism both produce fractures. 
The intrusion of an igneous magma, nr a j)risin of salt, will cause 
fissuring in the country rock. Even the settling ot a compactible 
sedimentary section over a topf)graphically uneven floor will cause 
the more brittle layers to break. 

The iniporlance of fissures and fractures as reservoiis for hydro¬ 
carbons was emphasi/ed in the preceding chajitei. Almost always 
this type of ojjening is not in itself a trap, and the same laws of 
aci Linudation apjdy here as ap])ly to interstitial openings in saiulslones 
and solutiijfi cavities in carbonate reservoirs. Jn other words, the 
fissures and fractures that arc filled with hyiUi'carl)t)ns either lie high 
on an anticline or occur immediately down ilij) from a fault or other 
type of barrier. An example of this type of accumulation is the 
shallow oil production at Rangely (Fig. -IH), wIhtl* wells tlrilled to 
dej)lhs of le.ss than 500 feel have produced as much as 150 barrels a 
day from fractures in the Mancris ((aelaceous) shale. Fhe oil in one 
of the productive /ones in the Tupungalo oil field in Argentina*^'' 
tHCurs in fractures in the upjKi part of a thick series of volcanic tuifs. 
Rut here, as at Rangely, the producing fis.sure.s lie across the top of 
a pronouiued anticline. Fissured leseivoii rniks are also found at 
Salt Creek, Wyoming, in the Northern Field of Mexico, in Iran, and 
in other places noicil in Chapter 7, but these likewise arc structurally 
controlled accumulations. 

Very few places are known where the fissures drmble as both reservoir 
rock and trap. Perhaps the best example of this is in the Florence 
]jool in the Canon City embaymeni, Colorado.^" Fliis is the oldest 
field in Colorado, with enough jjroduction in 1837 to su]}port a 
refinery. Over 1 ()()() wells were drilled, and the field has produced 

s'5 VV. V. Pirkt'i C. L. Diini. "Riingrly Oil l-itrld. Kin JUaiuD C'.oiiiuy, Colo- 
iiulo,” Structurr of T\pi<^al Amrrivau OH Fields (,\iii. Assm. Puli'dl. ticol.. lUlH). 
Vnl. p. l.‘M. 

H. 1.. llalilwiii, “ t ii|iiiiig:iln Oil Field, Mciiiln/a, Aigenliii:i," Jinll. Am. Assoc. 
Petrol. Ceol.f Vid. 2H (Ottnlici, IDll), pp. 1155-1 IHl. 

Ronald R. IJc’l nrd, "Sinhue Sniiclurc, rinruiiiic Oil Field, Fremont County, 
Colorado,” Struct^ire of Typical American Oil Fields (Am. Assoc. Petrol. Geol., 1.Q29). 
\ ol. 2, pp. 7.5-P2. 
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Fig. 65. Pickens. Mississippi, and Gilbrrtnwn, Alabama. 

Fault Traps. Both figures on the opposite piige illustrate laull trapping 
in the "interior” Gulf Caiast district of Mississippi and Alabama. Fliis iy])c 
of accumulation is fairly common both Iiitc and to the ivestward in northern 
Louisiana and southern Arkansas. I he upper figure i.s the Pickens field • 
in central Mississippi, and the lower figure is Alabama's first nil field, the 
(iilbertow'ii,-)- on the west edge of southern Alabama. 

In both fields the fault line is parallel to the .strike. .At Gilbertown it is 
also parallel to the shoreline, but the swing of the strike iiun the Mi.ssissippi 
embayinent gives the Pickcais fault a northwest trend. At both Picken.s and 
Gilbertow'n and in the other interior laull fields the accunudarion is on 
the "up” side of the fault which is on the side down the regional dip. 
.Accumulation is on the same side in the Gulf (aiast (I’epetaie) type (Fig. 62) 
of fault structure, but there the down-dip side 'd the fault is also the down 
block. 

Both the fields on the oppersite page ilhisii.ite actumulation of nil in 
plunging anticlines dammed up the regional dip by faulis. At Pickens a 
single pliingiiig aulicline nearly 6 miles long carries oil in its highest parts, 
adjacent to the fault zone. 'Fhe trap is closed laterally by ihe turning of 
the flanks of the fold into the faults. The GilbcTtown structure shows three 
plunging anticlines, with two intervening synclines, abutling the fault /one. 
Dry holes have been drilled in the synclines, and the producers arc found 
only above the oil-water interface levcd on the plunging aiiiicliiu's. 

The discovery at Picken.s w'as the result of surface mapping followed by 
a detailed geophysical survey. Llie reservoir rm;k i.s a sandstone (Wilburn) 
member of the .Austin formaiion of Upper (cetaceous age. The average 
producing depth is about dHOO fret. 

The Gilbertown field was discovered in IDd-l as a result of .surface geological 
studies. Oil is produced from two reservoir rocks. The upper one is a 
fractured zone in the Selma chalk (Upper Oeiareous) which lies at depths 
ranging from 2.^00 to 2300 feet. The other is a saiidslone lying about 900 
feet deeper in the Upper Grciaceoiis Eiiiaw formaiion. So far attempts to 
obtain Tuscaloosa production have not been successlul. ('.tiurif^sy Shmff'.prnt 
Geological Society and American Associalioji of Petroleum Geolftgi.sls. 

•Shreveport Gcol. Sot., "Pirkeiis Field, Afarli.snii aiul ^’azoo ('oiinlies, Mi.ssi.ssippi," 
JV45 Reference RepL, \'d 1. 1 fl916), pp. 2!f.'j-2!IK. 

•fA. M. Ciirreiil, "Gilhertowii Field, Choctaw Cniiiily, .Alahania," Slrurlure of 
Typical American Oil Fields (.Am. Assoc. l*cirol. Gcol., I94H), \'ol. 3, pp. 1—4. 
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Fir.. 66. Miiltipic-F'iiiill trap. Moild □! Crciilr lirlil, uIFsIidic Louisiana, slinwini; 
hulh raull-LoiiliollL'il iuruiiuihilion aiiil shiiilCLl Iioil' liulcs ilrillcil rinin one phitlorin. 
Cunrirsy .-imPMcan .iAAoriri/ioii of Prfnj/rnni Geo/o^fi/s. 
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about 14 million barrels of oil. The oil occurs in near vertical fissures 
in the black, organic Pierre (Cretaceous) shale in a belt about 3 miles 
wide along the eastern side of a regional syncline. The fissures appar¬ 
ently failed to reach the surface, and because the fissure "walls pinch 
together with depth, neither surface waler nor Avater limn an under¬ 
lying aquifer can penetrate to these openings. As a result they are 
water free. Thcrelore, the oil lies in the loAver part of the fissures, 
and as it is pumped, the fluid level in tlie fissures is lowered. Obviously 
these cracks arc much younger in age than the Pierre shale. Because 
ol its rich organic content and the manner in which it completely 
envelops the oil-bearing Iracturcs, the Pierre shale is the most logical 
source rock. If so, one wonders ivlicn and how the roniiate ivater in 
the shale disappeared and where the oil (if present ihen) was stored 
before the shale became fractured. 

It appears probable that fractures in the Trenton limestone function 
both as reservoir and trap in the relatively new Rose Hill oil field in 
Lee County, Virginia.**'* This unusual field, the only oil field so far 
discovered in Virginia, is in a sedimentiry seel ion that has lieen 
overridden for several miles by an overthrust block of f:t)iisiderable 
size. "Ihe wells are drilled in fensters, or winilows, wliicli expose the 
stationary block. 'I'hc relatively brittle Trenton limestone has been 
frarlurcd, and the oil occurs in these fractures without any as yet 
aj)jxirent anticlinal control cm its accumulation. In a |)arL of the 
oil field the Trenton lonnalion appears to be ]>iactically liori/ontal. 

STRUCTURAL TRAP FINDING. Almost all the oil-finding 
techni(|ues have been de\eloped for the |)iii])ose of, and arc most 
elferlive in, finding trajxs of the structural tyj)e. 1 hus, anticlines and 
faults have been, and can be, found by the use of surface geolr>gic 
iiiethods, core drilling, geophysical instrinnents whe re the rocks vary 
sufficiently in gravity or shock-wave velocity, and by subsurface studies. 
.Salt dome.s have been discovered by surface geology and especially 
by the use of three geophysical instrinnents. the sei.smograph, the 
torsion balance, and the gravity meter. Ihc fissure trap fields have 
been discovered by luck rather than by geologic method, but once 
they are discovered, geologic method can be used in further develop¬ 
ment of them. After the pattern of tlie fissuring had been determined 
at Florence, the new wells were drilled according to that pattern. 
If a well missed the near vertical fissure for which it was aiming, 
the rig was skidded a few feet and a new hole was drilled. 


»»Ralph L. Miller, "Rdsc Hill Oil Field, Lee County, Virginia,” Structure of 
Typical Ajiierican Oil Fields (Am. Assoc. Petrol. Geol., 1948), Vol. 3, pp. 452-479. 
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VARYING PERMEABILITY TRAPS 

The disappearance upward in a reservoir rock ol permeability 
adequate for the movement of oil or gas creates just as effective a 
trap for the accumulation of hydrocarbons as that created by an anti¬ 
cline or a fault. This upward eclipse of adequate permeability may 
be abrupt, as where an inclined reservoir rock has been truncated 
and subsequently sealed, or it may be gradual, as in a facies change. 
The trapping is more closely connected with stratigraphy than with 
diastrophism, and so accumulations caused by varying permeability 
are generally referred to as “stratigraphic” traps. However, in most 
places, tilling of the sedimentary layers has been an essential event 
in the natural history of traps of this ty])e. 

A large number of oil and gas pools, described in the literature as 
stratigraphic trap acciiinulations, actually do not merit this classifica¬ 
tion. These are the jjooIs in wliich varying permeability merely 
limits the disirihution of hydrocarbons across the lop of an anticline 
or other tyjje of structural trap. If the answf‘r to the cpiestion “Would 
hydrocarbons have accuiiiulaled here had the reservoir rock been 
consistently periiieable?” is “Yes,” the ])ool should not be classified 
as a varying-permeability or stratigraphic trap. 

In the following discussion, varying-permeability traps are classified 
genetically into three types: (1) those in which the permeability dif¬ 
ferences are acquired initially, during the depositional or sediiiienia- 
tion stage' (2) those in which circulating ground waters liaxe been 
responsible for locally increasing or decreasing the porosity; and 
(-1) those in which an inclined permeable stratum has been truncated 
and the eroded edge sealed by a coveriiig of relatively inipcivious 
material. I’lie last of these categories is most important in terms 
of oil-production figures. 

VARYING PERMEABILITY CAUSED BY SEDIMENTATION. 

Sedimentation traps are of three types: (1) reefs, (2) lenticular sand¬ 
stone. and (3) facies change. 

Reefs.®® Reefs have been defined by VV^ilsim as follows: “A reef is 
a sedimentary rock aggregate, large or small, composed of the remains 
of colonial type organisms that lived near or below the surface of 
water bodies, mainly marine, and developed relatively large vertical 

Seismograph Servire Corp.. liibliography vf Orgmiic Reefs, Bioherms, and Bio- 
stromes ( I iil.sa, 1950). 
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dimensions as compared with the proportions of adjacent sedimentary 
rocks. The organisms, generally corals and algae and less commonly 
irinoids and biyo/oa, treating the essential features of a reef lived 
I heir mature lives on it, and their hard parts remain in place there 
alter death. Reefs tend to develop as niounds or ridges but also 
grow in irregular, asymmetrical forms. In all, however, a rigid frame¬ 
work is developed that does not compact under Aveight of overburden. 
This framework enables a reef margin to grow upward and outward 
at much steeper angles (even vertical) than is the rase with sedimenlai y 
clastic rocks. Reefs are cttmnionly characterized by lack of well- 
developed stratification. Dilferential settling in rocks adjacent to 
them usually causes draping of strata over reefs. 1 he extra weight 
of reels may cause dmvnward bending of strata under them. Clastic 
materials or chemically precipitated sediments may be substantial 
constiiueius of reefs but are not distinctive |)arts of them.” 

Reefs are also known as bioherins. Ali^'.oiigh colonial corals are 
comiiion modern reef builders, corals were but one of several types 
of organisms that were responsible for the reefs in the geologic j)ast. 
Many of these ancient reefs, originally comj^osed of talcile, have been 
completely dolomiii/ed. A wide variation exists in the height and 
area of reels. Some are barely noticeable nodes on the upper .surface 
of a limestone stratum, but others arc abrupt verlical features rising 
hundreds of feel into younger sediments. Reefs vary in area from 
|)rolubcrances no greater than a wash tub in diameter to ma.ssive 
features underlying many square miles. I.ink believes that a series 
of intcrronnecting reefs may be deposited by a transgressing sea, with 
each .succeeding reef a little higher and ollset landward until the 
point of niaxiiiium .submergence is reached, and then regression starts 
and a second continuous scries of reeks, extending outward from the 
now rising land rna.ss, is formed, resulting in n recumbent V with the 
apex at the point of maximum submergence (Fig. 1)7). Evaporites 
might be deposited on the slioreward side of the regressive reefs. If the 
reef building in the transgressing and regressing sea look place on 
the same vertical plane, a well could be drilled through both legs 

“oW. 13. Wilson, "Reef Dctinilion," UuH. Am. A.ssnc. Petrol. Heo/., Vnl. 34 (I'eIj 
ruary, 1950), p. IBl. 

T. A. Link, "Lciliir Oil ricld, Albciia, Canada," Hull. Geol. Soc. Am., Vol. 60 
(March, 1949), pp. 31H-inU; ' I heory of Transj;!essi\e and Rcf^rcssivc Reef (llio 
licrm) DevelopmcnL and Origin of Oil," Bull. irn. A.'isov. Petrol. Geol., Vol. 34 
(February, 1.950), pp. 263-291. 
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of the V, penetrating first the regres¬ 
sive bioherm with associated cvapo- 
rites and at a lower level reac hing the 
zone of transgressive biohenns with 
associated elastics. 

Reefs are widely distributed both 
in space and time. Modern coral 
reefs arc limited geographically by 
water temperatures, being largely con¬ 
fined to seas in which the minimum 
temperature is rarely lower than about 
68"^ Fahrenheit. Some of the reefs of 
the past may also have been con¬ 
trolled by temperature, but the geo¬ 
graphic: distribution was greater be¬ 
cause of the greater poleward spread 
of warm waters during certain peri¬ 
ods of geologic time. Furthermore, 
some reef-building organisms, such as 
algae, do not have the temperature 
restrictions possessed by corals and so 
could probably form reefs in the 
higher latitudes during times of less 
benign climate. 

1 wenhofcl describes reels of al¬ 
gae in the pre-Cambrian, reefs built 
of algae and sponges in the Cam¬ 
brian, with coral-containing reefs ap¬ 
pearing in the Ordovician. Corals 
and algae were both very important 
in building Silurian and Devonian 
reefs. Crinoids also aided during 
these perit)ds, and w'ere mainly re¬ 
sponsible for large reefs occurring in 
the Mississippian rocks. Enormous 
reefs were built during the Permian, 
especially in western Texas and 
southeastern Russia. Reefs are rela¬ 
tively scarce in the Mesozoic and Ter- 


W. H. Tweiihofel, "CliaracCDri.siirs and Ccolnpic DisCribiilinn of Coral and 
Olher Organic Reefs,” World Oil, Vol. 129 (July 1. 1949). pp. 61-64; "Coral and 
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tiary rocks of North America, but the Midille East contains reefs of 
both Cretaceous and Tertiary age."® 

The principal reason for the prolific oil production of some reefs 
lies in the extreme porosity and permeability of the reservoir rock. 
This porosity may be initial or it may be induced. As a matter of 
fact, it is highly probable that the great reef reservoirs had considerable 
original porosity w^hich expedited the development of secondary open 
iiigs, so the extreme porosily is actually a combination of both types. 
Initial porosity is due to both the presence of the abandoned chaiubers 
in which the animals lived and the inevitable eiiiyuv spaces between 
the outer walls of the shells in a motley assemblage of organisms, riic 
porosity produced by random shell arrangement is conibined from the 
start with permeability. The living chambers, on the other hand, may 
be sealed off from the ouLside and be unavailable for the storage of 
oil unless boring organisms have riddled the framework of shell mate¬ 
rial, creating connections from room to ioom and from room to 
intershell void. 

Induced porosity is that which results from: (1) the leaching of a 
reef mass by circulating waters when the reef lies close to the surface; 
(2) an excess of solution over precipitation iltiring doloiniti/ation; 
and (;1) the fracturing of the rigid reef rock due to subsecpient earth 
niovements. Some oil-jiroducing reefs have been at or near the surface 
in the geologic past and have developed a hoiieycoinb jjorosiiv due 
to the dissolving activity of circulating waters, and have also been 
fractured to such an extent that a considerable volume of oil tan 
be stored in the fracture fi-ssures alone. I he completely dolomiti/ed 
reefs of Alberta have extensive porosity and permeability which have 
been described by Link as primary, but which appear from the 
])ublished pictures ““ to have undergone considerable enlargement by 

Oilier Oi^aiiiL' Rl-lIs in Cnliiiiin/' DulL .Im. .I.v.vor. Pvhol. Cirri/., V'ol. 31 

(lcl)iu:iry, 1 . 1 ^ 10 ), pp. 1H2-202. 

1'. R. .S. Hl’ii.siiii, ‘‘Caeiiueous mirl Terliaiy RL*L*f l uiinutinn anil Assoinialeil 
Sciliinrni.s in ^filllllE F.iisl." B}tU. Am. Assoc. Pcfrol. Ur.o]., \'i)l. .31 (I'ulji'iiury, 1950), 
pp. 215-2.3K. 

kfiniLMli k. Landes, "Pninsiiy ihrtiii^h Doloinili/alioii. " Am. Assoc. Petrol. 

{'mCoI., \’nl. 30 (March. 1940). pp. 305-318. 

r. A. Link, “Lciliic Oil Field, Alherla, Canada," Hull. i'.coL Soc. Am., Vnl. 60 
(Mardi, 1919), pp. 389-390. 

!"»1). 11. Layt-r cl al., "Lrduc Oil Field, Allierla, A DEvnnian Coral Reel Di.Sj 
rnvL-iy," Bull. Arn. A.’i.Kor. Petrol, (ieof., Vol. 33 (April. 1919). p. 5HG. Place 2, middle 
piciiirc. Also W. W. Wariiifr and D. B. Layer, "l)L-vnniaii Dcdmiiilized Reef. D-3 
Ruservoir, Leriiic Field, AlliL-ila. Canada,” Bull. Am. Assoc. Petrol, iieol., Vol. 31 
(February, 1950), pp. 301-307. 
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leaching. Many of the vugs are lined with dolomite crystals, which 
suggests that the leaching may have accompanied dolomitization. 

In addition to the porosity within ihe reef rock itself some reefs 
have been elevated above the sea and have been eroded and blanketed 
with a veneer of clastic reef material. In the Marine, Illinois, oil 
pool (Fig. 43) such reef “sand” is the principal oil reservoir rather 
than the underlying solid reef rock.*^ 

The origin of the oil within the reefs is a matter of controversy. 
Some, like Link/'* believe that the oil is indigenous to the reef; others 
suspec;t that the reef was merely a convenient body of jjtirous rock 
which aflorded storage space to the oil in the same manner as did the 
serpentine rock reservoirs in the Gulf Coastal Plain of l exas whiili 
are described in the next section. It is obviously true tliat the reefs 
were once scenes of teeming life. It is not so obvious that any ap|)re- 
ciable percentage of the soft body parts of tlic reef-building organisms 
were trapped and preserved within the reefs, later to become oil which 
accumulated beneath the reef cover. 

The trapping of oil and gas in reefs is the most easily understof)d 
part of the natural histr)ry of a bioherm oil deposit. All oil jjrodm ing 
reefs are highly porous and permeable boilies of rock completely sur¬ 
rounded, at least above the water level, by line sediment impervious 
to the passage of hydrocarbons in any volume. Grilinarily the pores 
in a bioherm are filled with water just as are the pores in any other 
type of buried reservoir rock. Oil in the reef rock, wiiether indigenous 
or migrant, will rise through the w^aterfilled pores until the impervious 
cap of overlying shale is reached. Many reefs have the same succession 
below the cap of gas, oil, and water as fotiml in anticlinal accumu¬ 
lations. 

Oil has been produced for many years from reels in several regions, 
especially the Southern Field of Mexico, and in western and northern 
Texas."" The Norman Wells reef limestone held in Northwx*st Terri¬ 
tory, Canada, was discovered in 1920.'"" This field lies less than 100 
miles south of the Arctic Circle. It w^as not until the advent of war 
created demand in 1942 that Norman Wells w'as fully developed. 

Heiii/ a. 1 .uwcnsl'iiiii, "Marine Toni. Maili.snn CDiinly, Jllinois, Silurian Reef 
I’roilnccr," Structure of Ty/)iral .‘inirrirun Oil fields (Am. Assoc. Pclrol. Ueul.. I.OIH), 
Vol. 3, pp. 

'r. A. l.ink, op. cit. 

Ill* C'.arl B. Ricliarilsoii, "Regional Di.sni.ssinii nf reiin.svlvanian Reefs nf Texas,'' 
.‘irn. .Is.snr. fe/rnl. Cird/.. Program .'Inriuat Mertiuff (m.iiO). p. I I. 

S. Sicuarl. "Nniiiian Wells Oil Field, Niirihwcst Terriinrv, Canaria," Struc¬ 
ture of Typical American Oil fields (Am. As.soc. J*eLrnl. Geol., l‘M8), Vol. 3, pp. 8I>- 
109. 




Fig. GH. Lcduc Fidel, Alberta. 
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However, it was the discovery of the Lcduc field of Alberta, a prolific 
reef producer, in 1947 lhat really started the intensive search for the 
biohcrni type of accumulation. I'his field has been chosen to illus¬ 
trate reef traps (Fig. ( 18 ). The Lcduc discovery was followed shortly 
by Redwater, Golden Spike, and other new strikes in the Edmonton 
district, and within a few nionths the estimate of the reserve in reef 
oil accumulation in Alberta had risen to 1 billion barrels. 

At the same Lime, limestone reef fields WTre being discovered in 
Scurry County in west 1 exas. The first strike was made in July, 1948, 
and within the year five areas in the western part of the county had 
been found to be underlain by oil pools trapped in reefs. Subsequent 
drilling may connect some of these se|)aratc liclds. Several wells have 
penetrated nearly 700 feet of oil-producing reef rock.^“^ Another 
Texas producing reef is a crinoidal limestone of Pennsylvanian age in 
the Todd field of Crockett (^oiinty.^"- I'hc arnimulation of oil in the 
detriial zone lap]nng up on a reef at Marine. Illinois, was described 
and illustrated (Fig. 4.^) in ihe section on anticlinal traps. 

Lenticular Sandstones. A considerable volume of oil is produced 
eath year from leiUiiular sands. Classified in this group are those 
sandstones which, owing to local conditions of sedimentation, were 
deposited as separate and distinct bodies of sand completely sur¬ 
rounded by finer sediment which subsequently became shale. Not 
included in this classification are the sandstone reservoirs with lenticu¬ 
lar porosity due to lateral facies change during sedimentation. These 
arc discussed in a subsi cjuent paragraph. 

Lenticular sands yury in shape from extremely elongate "shoestring” 
sands to highly irregular-shaped bodies, lliey are more likely, how¬ 
ever, to have a definite ‘‘trend’' than to be er|uidiniensional in plan. 
It should also be noted that even the sluiestring sands arc not continu¬ 
ous but are broken every few miles by a shale-filled gap. 

The origin of the lentit ular sands, especially those of decided elonga¬ 
tion, has been a subject of considerable investigation.^®^ Among the 

D. H. SlDrmoiit, “.Sruny Coiiiily, Wc.sl I cx;is, LiniusUmc Reef DevelDpineiit," 
0*7 and (ins Jour., Vol. 4H (July 7, 1!M!)). pp. Trl el seq. 

102 Rohcrl F. Iiiibt anil S. V. MtCnlliiiii, " rndd i)ECp Field, Crockell Cnunly, 
Texas," Hull. Am. A.ssnr. Petrol. Geol., V^ol. 3-1 (tebruary, ID.^iO), pp. 239-202. 

103 N. Wood Bass, Cuiislaiire Lealhcrock, \V. Ree.sc Dillard, and Luther E. Ken¬ 
nedy, "Origin and Disiribuiion of Martlc.sville and Burbank Shoestring Oil Sands 
in pans of Oklahoma and Kaii.sas," Bull. Am. Assoc. Petrol. Ceol., Vol. 21 f|aiiiJury, 
1937), pp. 30-ti6; N. Wood Bas.s, "Origin of .Shnestring .Sands of GiecMiwuod and 
Biillcr Coiinlies, Kansas," Slate Geol. Sunfey Kans., Bull. 23 (1.930); Hnnier H. Charles, 
“Oil and Gas Rcsmines of Kan.sas, .\ndersfjn County," Stale Geol. Siiruey Kam., 
Hull. 0, part 7 (1927); John t.. Rich. ".Shorelines and Lenticular .Sands as Factors in 
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various environments of deposition which have been postulated as 
causing the development of lenticular sand bodies are: stream channel 
fillings; channel fillings in the distributaries of deltas; beaches, hooks, 
and spits; offishoie bars separated from the mainland by shallow brack¬ 
ish-water lagoons which may be replete with plant and animal life; 
and sea-boitom sand at cumulations which have the appearance of 
giant ripples on the present sea floor and which may be the result of 
currents or storm waves or a tombination of both.^"^ 

Examples of lenticular sands which have been chosen for illustration 
are the lamoiis sluiestring sands of Greenwood and adjacent counties, 
Kansas (f ig. fill), and the sand “trends” in the Venango district, north- 
wfsierii Pennsylvania (f ig. 70). Other occurrences of shoestring sands 
indude sands (onsiderably younger than those in Greenwood County 
which protluce at shallow de[3ths in Anderson County in northeastern 
Kansas; gas-producing “stray” sands in Michigan; the Gay- 
Speni ei-Richaiclson trend in West Virginia; and the Music Moiin- 
laiii pool ill Pennsylvania. 

Less elongate in outline, but nevertheless lenticular, is the Bradford 
saiul, the reservoir rock for the Bradford pool of Pennsyhania and 
\i‘w York."’-' Lenticular sands are oil reservoirs in many other parts 
of the Appalarhiaii |)rovince also, but some accuniulations so credited 
may he due to fai ies change rather than depositional lenticularity.*^" 
f ill thermore, much of the Appalachian accumulation is actually anti- 

tlil Atiiimiil:ilinn." S'f/fMrr of Prtroltnim (Oxl'niil lliiiv. Pitiss, IHltH), \'ol. I, pp. 230- 
23!); |nliii 1.. Riih, ‘‘SuInnariiiL* Sinliiin-iil;ii\ I raiiirrs on llahaina Uaiiks anil I'hcii 
IW’aiiii” nil ni.siriliiilinn I’aMfins nl l.L'iiiiriilar t)il Sanils,’’ Ihill. Am. A.s.sur. Pcirnl. 
(^roL. \’nl. .‘12 (Ma\, 1!)IB). pp. 707-770; R. K. Slimill, I*. A. Diikcv, anrt L. S. \fal 
li-.snii. " l Aptrs nf Si laMgi afOni: Oil Ponls in \ ciiaiigo .Saiiils ul Noi iIiu csIlmii Pl’iiii- 
.s\l\aiiia," Shnti^nipliir Tyfic Oil Fields (Am. A.s.snc. pEirnl. Genl., 111-11), pp. 507- 
Ti'lS; ()ri-ii I'. l.\aii.s. “liiU'iiial .SlrurliHL* of .Slincsirin[r Sands/' World Oil, Vol. 131 
(July 1. llirai). pp. 00-70. anil nilicrs. 

|nlin 1.. Riili. op. cit. 
linmi-i H. C'.liarlL'.s, op. rit. 

Max \\\ Hall, I'. |. Wi’iivcr, H. D. Crider, Dniiglas S. Ball, "Shnrslriiif^ Sand 
(.a.s lifliLs nl Miiliii'aii," Siratifrraphic Type Oil Fields (Am. Assoc. PeOoI. GeoI., 
I!) 11), pp. 237-200. 

iin R. I . Hulk, ‘ tlav SpiMirci-Ricliaiilsoii Oil and Gas TiEiid, jarksmi, RnaiiE. 
anil ralliniin Cnuniius. \Vesi \’iij»inia/' Stratigraphic Type Oil Fields (.Am. Assoc. 
Pi’irnl. GedI., IIMI). pp. snr)-82!). 

IGlia lies R. I'ciikc, “.Mii.sic Miiiiniain Oil Pool, McKean Cmintv, PEiiiisylvania,” 
Slrntigraphic 'F\pe Oil Fields (.Am. .Assne. Petrol. GedI., 11)11), pp. ■I.n2-.^0n. 

n’l' WallacE \V. Wilson, ‘‘Piaclicul Applicaiiiin of Geology to Reservoir .Analvsis," 
Fiigioerr. N'nl. 17 (SeplEinlicr. llllO), pp. 1 .'j2 et .lery. 

HI'.A. H. McGlain, "Siraiigrapliic .Arrinnnlalioii in Jarksnn-Kanawlia Cnnniies 
.Area ol West X’irgiiiia," Bull. Am. Assoc. Petrol. Geol., Vol. 33 (March, lD-19), pp. 
33(i-315. 
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dine controlled, but ivith varying permeability responsible for the dis¬ 
tribution of hydrocarbons across the tops of the structures. 

Accumulation along old strand lines where the sands pinch out 
up-dip in Jim Hogg County, Texas,”^ has been described. The Osage 
field in eastern Wyoming produces mainly from “locally thick dis¬ 
continuous sandy bodies enclosed by marine shale" which constitute 
the Newcastle sandstone member of the Graneros (Cretaceous) shale 
along the east flank of the Powder River basin.”- The Sunburst and 
Moulton production at Cut Bank, Montana, is from lenticular sand¬ 
stone beds, but the main produition is from the Cut Bank sand, in 
which trapping is due to facies change.”’’ Sand leniiciilarity and 
facies changes are also responsible for inurh of the act iiinulation in 
the Maracaibo basin oil fields of western Vene/iiela.’” 

The trapping of hydrocarbf)ns in leiititular sands is due to the 
presence of a pfiroiis anil |)erineable reservoir completely surrounded 
by impervious material. The best guess as Ui the source of the oil is 
that it has been s(|uce/cd out of the surrounding shale into the rela¬ 
tively incoinpactible and permeable sandslone. A very local (ver¬ 
tically) source for the oil in the shoestring sands of southeastern Kansas 
and northeastern Oklahoma is indicated by the fart that the crude oils 
from thirty-three pools in the Burbank sand distributed through an 
area 150 miles long are alike but f|uiie dissimilar from that found in 
other sands separated vertically from the Burbank by ljut a few feet 
f)f shale.”"' 

Facies Change. Trapping due to facies change is usually brought 
about by up-dip “shaling" of sandstone or limestone; more rarely it is 
created by the merging of sandstone into limestone. Facies change 
traps arc due to environmental dilferences at the time rjf deposition. 
I'hey occur (1) where coarser sediment merges with finer sediment 
which was deposited in tjuicter water or at a greater distance from 

111 |aiiiL'.s E. EicL'iiian. "Sliaml I.ine Aci:iiTiiiilaliun ol Pclrnlciim, jiiii 
Cnuiiiy, "J’eXi’i.s,” IlulL .Un. Assoc. Petrol, fieol., Vril. .43 fjiily, litif)), pp. 12G0-1270. 

11-1;. E. nnhliin, “Exrcplinrral Oil I'iclils in Kinky Mininlaiii Rcginn of the 
Unilcil .Slales,” Am. Assor. Petrol. Grol., Vnl. .41 (May, inl7). p. HOI. 

ii''i John E. K1i\i, “Cut Hank Oil and Gas FiL-h1, (Uaricr Cniinly, Montana,” 
Stratigraphic Type Oil Ficlfls (Ain. A.s.s(»c. Pel ml. Geril., 1!M1). pp. .427-.4H1. 

04 Stair of C;arihhean Prlioleum Company, “Oil Eiulil.s of Royal Dutrli-Shi'll 
Cnniip in WcsIltii VeiiLViiL-la,” Hull. Am. Assoc. Petrol. Gvol., Vol. 32 (Ajjril, HUH), 
pp. ril7-(i2H. 

05 Tulsa Geolnp^ital Soriciy Research Comniillce, “Rclationshij) of CriKlc Oils 
and Stratigraphy in Paris of Oklahoma and Kaii.sa.s," Hull. .4m. Assoc. Petrol. Oeol., 
Vol. 30 (May, 19t(i), pp. 7-I7-71S: L. M. Neuniami, ei al.. “Relaiion.ship of Gnide Oil 
and Stratigraphy in Parts of Oklahoma and Kansas," Hull. Am. Petrol. Geol., Vnl. 
2.a (Sepiemher, 1911), pp. 1H01-1B09. 
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Fig. 70. Northwestern Pennsylvania. 

AvcumulaUon in Lenticular Sands. All the prniliiriinn in the Venango 
(listriet * in northwestern Pennsylvania tomes from leiititular santls which are 
generally less than 1000 feet below the surface. 'I'liis area includes the site 
of the Drake well, the birthplace of the American nil iniluslry. The Venango 
district fields were discovered between lH5f) and about 11)00. They were 
found by prospecting near oil seeps, or by following trends, or merely through 
random drilling. 

I’he Venango group of sands lies within the upperniosi scries of the 
Devonian system. Ihe group is about 350 feet in tliickiies.s and consists of 
alternating sands and shales. No single sand stratum can be traced through¬ 
out the district, but three persistent sand /ones se])arated l)y sections of 
shale can be mapped. These sands arc designati'd in descending order, the 
First, Second, and Third. Ahhtnigh the sands within each of these members 
are lenticular, appearing and di.sappearing across ihe district, the intervening 
shales arc continuous. The Third sand consists of interbedded fine to 
coarse-grained and even jicbbly sandstones and shales. It contains two 
principal sands, the Third Stray, above, and the Tliird sand itself, below. 

rite trapping in the Venango district is entirely stratigraphic. The len- 
ticularity of the sand bodies is due to original depusiton, and the three sand 
members differ not only in stratigraphic position but also in the environment 
during sedimentation. 'Fhe small, irregular .sand liodies of the First sand 
trend perpendicular to the old .shoreline and may be diannel sands in delta 
distributaries. 7'he producing sands in the Second sand lormation arc more 
.shectlike but pinch out abruptly on the norlhwist along a line |)arallel 
to the arKient shoreline. These sands were probably distributed by long.shore 
currents. The Third type consists of long, narrow, and .sometimes pebbly 
sandbars parallel to the shoreline, which are perhaps buried offshore bars. 

The upper drawing shows the oil pools producing from the I'hird Stray 
sand and the structure as contoured on top of that .sand. Locally the rocks 
dip to the southwest, and the pools occur along this inonoclinal slope without 
any apparent regard for the rock structure. A similar situation is obv'ious 
in the lower drawing, which shows the structure and distribution of oil fields 
in the Third sand. Courtesy American Asso(inlion of Petroleum Cwcolo^ists. 

• R. E. Sherrill, P. A. Dickey, L. 5. Malicson, "lypes iif Siraiigrapliii Oil PtMils 
in Venangn .Sands of NDrihwcsteni PcTiiisylvaiiia," .V/rriO'grrip/iir 'I'yffc Oil fields 
(Am. As.stjc. Petrol. Oeiil., 11)11), pp. .'i07—.'i.'lH. 
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ihe sDurc.e ol supply, or (2) where porous carbonate rock merges with 
fine clastic material in what was the landward direction at time of 
deposition. In addition to this environmental situation, it is neces¬ 
sary in order to create a trap that the sedimentary beds be subsequently 
tilted in such a direction as to place the impervious facies up-dip from 
the porous rock. Hydrocarbons entering the reservoir rock move up 
the inclined layer until impounded by the increasing imperviousness 
of the reservoir in the zone of facies change. 

An outstanding example of the up-dip shaling of carbonate rock 
reservoirs is illustrated by the Hugoton field of southwestern Kansas 
(Fig. 71). Gas has accumulated below the facies barrier in this area 
for many miles down-dip. Another possible illustration of trap|)ing 
by up-dip shaling, this time of a sandstone reservoir roc k, is the Clinton 
gas field of central Ohio. Accumulation here has been along the west¬ 
ern edge of the reservoir rock on the east flank of the Cincinnati arc h. 
Ihe pools, mostly gas but some oil, occur in a belt extending from 
Lake Eric southward to the Ohio River (Fig. 72). The “Clinton” 
sandstone reservoir is in reality a w^hitc sandstone belonging to the 
Medina (Silurian) rather than the Clinton. This sandstone thins 
rapidly westward and is absent or “very indefinite" before rcathing the 
central part of eastern Ohio.'*'* I here is some doubt whether the 
western boundary of the Cflinton sand is actually a change in facies 
from sand to shale, riie westward thinning of the sandstone, with 
the source of sup|)ly to the east, makes the concept of a diange to 
finer sediment, deposited coiiiemporaneously, appear logical. How¬ 
ever, some have interpreted the meager subsurface data available to 
indicate the deposition of discontinuous lenses of sand as offshore bars 
in a regressive Medina Sea. 

The sandstone reservoir rocks in the Bryson field, Texas, grade 
up-dip into shale and siltstoiie with the oil trapped down-dip below 
the zone of fr.cies change.^Fhe Cut Bank sand, previously men 
tioned as the chief oil reservoir rock in the Cut Bank field, Montana, 
is a cherty, conglomeratic, pervious sand w^hcre it contains oil, but it 
merges up-dip and laterally into tight, chert-free, sandstone and silt- 
stone. This facies change may be due to irregular sedimentation in a 

oii\V. Siinit, R. E. l.aiiiluH'ii. D. I'. Ring. J. S. Gillespie, anil |. R. I.iukeii, 
“\aliiial Gas in Guniral anil KaslL'iii Ohio.” Gfo/ogv of \atural Gas (Am. .V.ssoi:. 
Pl’IvdI. Cieol., ID.iro, p. 1)08: Richard H. Denman, “The Clinton Gas Field of Ohio," 
The Loinjiass, \’iil. (March. 11)12). pp. 164-170. 

11" T. C. Hicstand, “Bryson Oil Field. Jack County, Texas,” Straligraphir Type Oil 
Fields (Am. Assoc. Fetrol. Geul., 1941). pp. 53lt-!j47. 
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floodplain and delta environnient.^^^ The possible role of facies 
change in oil accumulation in the Jackson-Ranawha district of West 



Fig. 72. Clintun field, Ohiu. Trapping due ti) up dip Leiiniiialiiin of pn'iTJsily 
in rcscMoir lork. United Sfntex Groloffical Sumey. 


Virginia has also been mentioned previously, as well as the im¬ 
pounding of hydincarhons below facies barriers in the Maracaibo 

Jnhn £. niixt, “Ciil Hank Oil and Gas Field, Glacier Ciiiiiity, Montana," 
Stratifrrafjhic T\pe Oil Helds (Am. Assoc. Petrol. Cerd., 1941). 

A. H. McClain, ''.Straiigraphic AccuiiiulaLiun in Jackson-Kanawha Counties 
Area of West Virginia," Bull. Am. Assoe. Pelrul. GeoL, Vul. 33 (March, 1949), pp. 
336-345. 
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basin, Venezuela.^-® Although the principal cause for trapping in the 
Ik'iiton field of Illinois is an anticline, a facies change from sandstone 
into shale in the northeast part of the field completes the closure 

needed for oil acrumulation.^^i 

VARYING PERMEABILITY DUE TO GROUND-WATER AC¬ 
TIVITY. Circulating underground waters have the ability both of 
increasing rock porosity by solution and of diniinishing pf)rosity by 
precipitation of mineral matter in the pre-existing voids. Eoruinately 
for mankind, more reservoirs have been created by solution than have 
been destroyed by precipitation. Although solution may occur in any 
type of rock, even sandstone (CJiapter 7), the rcservt)irs most com¬ 
monly aided by solution aciivity are carbonate rocks. In many car- 
lionatc rock reservoirs the oil is stored in cavities created or at least 
enlarged by the dissolving action of circulating ground waters. This 
leaching is selc'ctive, being most pronounced in the more susceptible 
layers and perhaps absent altogether in strata less vulnerable to this 
type of attack. Within a given stratigraphic zone, however, the extent 
of the permeability created by ground-water solution has a fair degree 
of lateral consistency, even though some zones arc notoriously erratic in 
the degree of |)ermeability acro.ss short distances. Because of the usual 
widesjnead character of solution porosity it is difficult to find ex¬ 
amples of pools in which the trap|)ing has been due solely to local 
solution porosity in carbonate rock. An exception is dolomitization 
porosity, which is discussccl in a subsec|uent paragraph. Accumulation 
in solution jjorosity reservoirs is either anticlinal or is clue to faulting, 
or truncation and overlap, or some other con^'entional type of trap. 
Locally erratic porosity may residt in the drilling of many dry holes 
inside the perijjhery of oil pools of this sort, however. Variations in 
permeability therefore may control the distribution of oil within a 
trap. 

A cpiite different situation is the porosity which is produced by and 
during dolomitization and which may be local in extent and with¬ 
out any structural rclationshijj. An example of this type of accumu¬ 
lation is the Deep River pool of Michigan, in which the oil has 
accumulated without regard to rock structure in a long, narrow 

i-nSlall nl ClLirihhciin eclriileuni Cuiiipaiiy, “Oil Ticltls ol Rinat Dutch-Shell 
(•riuip in ^\■cslc^ll \'ciie/ut*la,'' Am. .-l5Jioc. Petrol. Geo/., \'d1. 32 (April, 1948), 

p. 54.3. 

J. V. Hou'cll, “Ciccilo^y of Benton Field, Franklin County, Illinois,” Bull. Am. 
-I.wor. Petrol. Geol., Vol. 32 (May. 1948), pp. 745-766. 
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porous zone where the rock has been locally dnloniiti/ed. Acciiiniila- 
tion at Deep River is illustrated in Fig. 73. Similar in the iiianiicr of 
trapping are the many oil and gas pools which form the Lima- 
Indiana district (Fig. 101).'-- Although these fields lie eiiher on the 
flanks or across the lop of the broad Findlay arch, their loiali/atioii 
at any one point is not due to the structural situation but to the fact 
that there and there only the J Veil ton limestone has been dolouii- 
tized and has sufficient porosity to function as a reservoir rock. The 
oil has accumulated in the dolomitized zone because that is the only 
place in a considerable stratigraphic section where ihere is enough 
porosity and permeability for the rock to be a reservoir. As in the case 
ol the lenticular sands the trajjping is due to the presence of a reset 
voir ol limited extent completely surrounded by impermeable lime- 
stones and shales. 

An unusual condition exists in the Gulf Coastal Plain of Texas 
and elsewhere where igneous rock bodies (Fig. 21)) of limited exleni 
have been altered, leached, and weathered into porous and pernicable 
serpentines, as at Chapiiiaii, shown in Fig. 71. These porous rock 
masses arc likewise surrounded by material impervious to the move¬ 
ment of hydrocarbons and have allorded a haven to migrating hydro¬ 
carbons, functioning in exactly the same way as the jneviously de¬ 
scribed dolomitized zones, lenticular sandstones, and isolated reefs. 

It is theoretically conceivable that thorough cementation of the 
reservoir rock might create an up-dip barrier to lurther migration, 
trapping the oil below. Actually, (enienlation to such a degree that 
the permeability is completely destroyed is rare. It is difFiiult to find 
accumulations of oil in which ujMlip cemcmation has been resjjon- 
sible for trapjjiiig. In the Tri-County oil field of southwcslern Indiana 
differential cementation has been effective in limiting the distribution 
of oil, but accumulation at that particular spot has been due pri¬ 
marily to structure.The same is true in the New Harmony field 
in Illinois and Indiana. Accumulation of oil has been influenced by 
eccentric cementation of the reservoir rock in other fields, including 

'-2 j. rjiii-si C':iriii:iii Willitrr Sioul, innsliip rif Ariiiiiiiihilinn iif Oil in 

Siruciurc anil Porcisiiv in the l.iiiKi-linliaiia Field,” PrrW>/f'm.r nf Prlroh'nm Tirn/n/ify 
(Ain. Assoc. Peirol. Gcnl., lfl.^1), pp. ri2I-r»2!). 

Josupli M. Waiieiiiiiacher and Wendi'll H. (>ealy, “Surface and Snlisiirrace 
StrucLiii e nf llic t ri-Cfninlv Oil Field of Siiiilliweslein Indiana,” Hull. /Im. /i wm. 
Petrol, iivol., \’nl. I I fAprii. litSU), pp. 12.^1:11. 

124 George W Coliec, “l.aieral Vaiiaiinn in Cliesiei Santlsiiines Producing Oil and 
Gas in Lower VV^abash River Area,” Hull. Am. .^ssnr. Petrol. Geol., Vol. 2fi (October, 
1942), p. 160G. 
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Fig. 73. Deep River, Mirhii^iiii, 

Localized Dolomite Porosity. A rchitively new field illiistratin|T the ar 
nimuhitiun of oil in a patch of Inrally drilomiLi/rd liiiicslnne is ihc Derj) 
River pool in Arenac Counly. Michigan.* I’his pool Avas disrovrird on 
Dei . 30. 1013. .Siihsei|iiently abmit 1.50 ivells were rlrilleil, of whiili i»vi r 
onc-third were failures. Iliis abnormal percenla^c of dry holes afiei ihi- 
discovery of a pool Avas due to the extremely nanoAv width of the prodiirini; 
zone, as can be seen in the upper figure on the o|)posite |)a^i:. 

rile upper figure is a subsurface structure map coiiioured on the base 
ol the Devonian Traverse formation Avhicli irninediately overlies the reservoir 
rock. The structure is that of a dome, but the neej) Ri'fr oil field. Avhere 
on the dome at all, is far down on the northeast (lank, anil theie is absolulely 
no relationship between accumulaiion and strufure. riic Deep River gas 
field, producing from the Mississippian Berea sandstone, oiiupies the highest 
part of the dome. 

riie oil reservoir rock at Deep River is the Rogers (!iiy formation of 
Devonian age. Normally the Rogers (Jity formation is limestone, but at 
Deep River, lulierc productive of oil, it is a porous dolomile. The imsiiiiess 
fill Avells failed to find nil, prrosity, or dolomite. Camverscly, Avhere the 
limestone has been doloiniti/ed it is both porous and oil bearing in this 
general vicinity. 

The loAver figure is a hypothetical cross section of the Deep River produc¬ 
ing zone. The areal distribution of the dolomitized /one beneath tin- 
I'raversc can be arcuraiely ma|)ped, OAving to the |)resenii‘ of some 37 ilry 
holes surrounding the Deep River oil pool. Himever, the third ilimeiision 
is entirely unkiioAvn: it is a.ssuined that the dolomitized zone is vertical or 
nearly so. because none of the dry holes, reganlless of depth drilled, have 
|)assed through this zone. It has been suggested that the localized porosity 
has been the result of an excess of solution over precipitation by dolomitizing 
solutions passing along a vertical fessure through the Rogers City formation. 
Apparently this dolomitized porous zone alloided sanctuary for oil which 
moA’eil in after dolomitization had taken place. J*resuniably, but yet to be 
inoved, the oil is underlain by Avater and has been imjioLinded at the top 
of the porous zone by the presence of iiiij)ervious shale at the base of the 
overlying Traverse formation. Courtesy .American /Issorialion of Petroleum 
Geologists. 

* Keiinclli K. Landes, ‘‘DeejJ River Oil l iehl, Arenac County, Miihigaii," Structure 
of Typical /tmericau Oil Fields (Am. A.s.soc. Petriil. Oenl., iniH), Vol. 3, pp. ZHU-.’IOI. 
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Fig. 74. Chapman Field, Texas. 

Altered Igneous Rock Resertfoir. The picture on the upper left on the 
Opposite page shows the location of oil fields producing from altered igneous 
rock in the Gulf (Coastal Plain of Texas. Both iiitrusion and extrusion ol 
igneous rock occurred over a large area during Upper Cretaceous time in 
the Gulf province. The igneous activity continued ihrough a considerable 
span of tiiiie, but the igneous rocks which subsequently bccatne nil reservoirs 
were formed immediately after Austin time and were overlain and sur¬ 
rounded by clays and marls belonging to the Creiacef)iis Taylor formation. 
These igneous rocks, which may have had some initial porosity due to 
vesicularity, were altered to serpentine and allied rocks with considerable 
increase in permeability in pre-Taylor time. Oil is st.>red both in the 
igneous rock and in rew'orked igneous material deposited on the flanks of 
the serpentine masses. The depths lo the igne ai.s reservoir depend upon 
the position in respect to the monocline. 

In all the serpentine Helds the oil is believed to have moved into the 
porous igneous rock long alter alteration and weathering took place and 
alter the igneous rock had become submerged beneath the Taylor sea and 
covered w'ith a thick blanket of sediment. 

The figure on the upper right * is a map of the Chapman oil field in 
Williamson County contoured on top of the igneous rock with contour 
interval of 100 feet. This field produced over .^.7 million barrels of nil 
lietw^en the time of its discovery in 1!I;{0 and ibe end of 1034. 'The total 
jiroducing area is 476 acres. Initial productions w’erc highly variable, running 
as high as over 5000 barrels. The large low'er figure * is a hypothetical 
cross section through the Cha]miaii oil field. The igneous rock body is 
somewhat bulbous upward with a probable feeder vent at the point indicated 
in the cross section, where a well penetrated !)54 feet of igneous rock withoul 
passing through this material. The rock beneath the igneous rock is Austin 
chalk, and the overlying rock is Taylor. Most, but not all, of the nil is 
produced from wells drilled varying distances into the igneous rock itself. 
However, some oil has been obtained from the cap limestone shown immedi¬ 
ately overlying the west flank of the serpentine body. Apparently the oil 
w^as squeezed out of the compacting Taylor clay and obtained sanctuary in 
any porous rock it could find. Courtesy Texas Ihircau of Erottnmic Geology 
and the American Association of Petroleum Geologists. Upper left figure 
after Lonsdale {1927). 

• E. H. Sullards, “Oil ArLiimiilaiion in Igneous Rocks," Science of Petroleum 
(Oxford llniv. Press, 1938), pp. 261-265. 
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East Tiiskc^ct:,*--’ Oklahoma; Oreascwootl,^-® CDlorado; and Stephens,'^" 
Arkansas. 

Many have noiud the f onfincnienL of oil to /ones of coarse, loosely 
leinenled .sandstone surrounded by fine and tightly cemented sand¬ 
stone. rhe general tendency is to ascribe this situation to cementa¬ 
tion alter oil accumulation has taken place.The oil entered the 
(*)arscr sands initially because of the f^reater room in the interstices 
between the water-coated |[»rains of sand. Then came the cementation, 
which was confined lar|[rcly tci the non-oil-bearing rocks because oil 
where present in the voids prevents cementation. Evidence of pre- 
cementation oil in a limestone re.scrvoir has been described by Wege- 
mann: "Fragments of limestone thrown out of wild wells in the South 
Fields of Mexico and kept for years will, when struck with a hammer, 
break with ex|)losive force due to confined gases cemented off in the 
pores of the limestone, proving cementation after ai.cumulation.” 

If the cementation is post-acciiniulation then the trap must be pre- 
cementation in order for the arriimulation to have taken place, and 
unless there has been subsequent tilting the tightly cemented rock 
would not be a factor in the capturing of the oil. 

.Sherrill, Dickey, and Malteson noted the presence of f)il in Penn¬ 
sylvania in comparatively unconsolidated gravel beds surrounded by 
fine, thoroughly cemented sands, and they conclude likewise that the 
lack of cementation in the coarser elastics was due to the early en 
iranct? of oil into lliem.^'*" 

VARYING PERMEABILITY DUE TO TRUNCATION AND 
SEALING, riiis type of trap has been responsible for the aciumula- 
lion of enormous deposits of oil. The first step in the natural history 
r)f such accumulations is the emergence, folding and tilting, and bevel¬ 
ing by erosion of a sedimentary section including reservoir rocks. The 
second step is the sealing of the edges of the reservoir layers, where 
folded into a plunging anticline, by impervious material. In rare 

i-T' ). 1.. Hnnlcii mill R. A. Rniiii. "Kii.sl l uskegec Pnril, Titck Ciuiiily, Okhilimir.i," 
Stnitiiirapliir T\f)r Oil livlds (Am. .As.siii:. Petrul. CicnI.. pp. 

1-'* C. S. 1 .:i\iii^imi, “(h iiinl Oil l*'icld, Welil Cduiiiv, Colnrmlo," ibid., |ip. 

nM2. 

o!" Willimii tl. SpdoiiL'r, ‘■Sit'plieii.s Oil Fielil, (ailiniihia :iiiil Oii.ichiui CnuiiLies, 
Arkaii.sas," \Orir/ii»r (if Txpitnl .hneriiati Oil Fifid.s (Am. As.soc. I'eirnl. (inil.. 1923), 
Vnl. 2, pp. 1-17. 

V. M. ^’:ln Tiiyl aiul Rl’ii H. Tarkcr, “'rhe l iiiir of Origin aiiil AciiiiiiiihiliLin 
nf rrnnltnim.'* (liifir/riVv Colo. Svliool of Mines, Vnl. 36 (April, 1911), Car.iplci H, 

pp. 62 -66. 

i-!'Carrol H. WEgfinaini, in V. M. \ an Tuyl ami Ben H. Parker, op. cit., p. 63. 

Op. rit., p. .WH. 
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instances this impervious material has been asphalt formed from the 
seeping oil itself, but most acciimulalions of this type have been 
beneath beds of shale or dense limestone which were deposited on 
top of the truncated, beveled strata during a subseijiient submergence 
—a type of trap referrctl U) as an overlap seal. 



States Geoloi^iml Suniey. 


Solid Hydrocarbon Seal. One of the relatively few examples of 
sealing by solid hydrocarbons is along the southwest edge of the Mid¬ 
way field in California (Fig. 75). Oil moving tt> tlic southwest up 
the flank of the Midway syncline has been trapped just below the 

m R. W. Pack, "The Sunset-Midway Oil Field, California,” U. S. Geol. Survey, 
Prof. Paper 116 (1920), Fig. 13, p. 115. 
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Fig. 76. Easi Texa.s Field. 

Overlapped Sand The East Texas firld * is in northeastern Texas 

about 50 miles southwest of the northwestern lorner of Louisiana and the 
southwestern corner of Arkansas. Lhe field is over 10 miles long and is 
nearly 5 miles in average width. The discovery well was completed on 
Oct. 3, 1930. Within a few years after discovery the East Texas field had 
produced more oil than the total production of any other field in the United 
States. It has been estimated that the amount of oil originally present which 
can be successfully recovered from drilled wells is in ex: I’ss of 4 billion 
barrels, or 30,000 barrels per acre. 

Geologically the East Texas field lies along the wedgeout zone of the 
westward-dipping Woodbine sand of Upju-r Cretaceous age. To the west is 
the Tyler basin, and to the cast is the Sabine uplift with its highest point 
in northwestern Louisiana. The U]3peniiost figini on the opposite page is 
a cross section drawn from Powell, a fault trap field in Navarro County, 
northeastward and eastward across the northern end of the East Texas poid 
to the Louisiana line. The two wells in the cross section marked by stars 
are producing wells in the East Texas field. Arcunuilation is due to the 
pinching nut of the Woodbine .sand in a plunging anticline on the flank 
of the Sabine uplift. Wells drilled north, wesi, and south of the field 
boundary enter the Woodbine below the level of the oil-water interface. 

Ehe middle figure is a structure contour map of the base of the Austin 
chalk which blankets the truncated edges of the Woodbine and Elagle E'ord 
formations. It is, therefore, a contour map showing the present configura¬ 
tion of an old erosion surface. No doubt a contour ma]) of the structure 
of the Woodbine sandstone would show even greater ilip lo the west. 

The Woodbine sand in the East Texa.s field consists of a series of thin, 
lenticular, but neverthele.ss interconnecting, sanils interstralified with shales 
and silts. 'The average reservoir thickness is about 30 feet, and the maximum 
amount of sand wliitli has been observed in cores is 75 feet. 

Oil entering the Woodbine sand on the east flank of the Tyler basin has 
migrated up-dip until impounded below the overlajjping y\ustin chalk. 

The lower figure is a picture of a diorama of the East T exas field. Courtexy 
Arneriran Asxoriation of Petroleum Geologixtx. Humble Oil and Refining 
Cumpa?iy, and Texas Memorial Muxeurn. 

• H. E. Minor anil .Manu.s Hanna, “Ea.sl I exas Oil Eichl, Rusk, Cherokee, 
.Smith, (iregg. and Cp.shiir Couiiiics. I exas," Straligrriphir Type Oil Fields (Am. 
.Assoc. Petrol. Genl., 1941), pp. 600-6-10. 
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Fic. 77. Apco Field. Texas. 

Overlapped Dolomite Wed^e. The Apeo field * is soiilli off the Pecos River 
in southwestern 1 exas. Although shalhiw' oil liad hern produced in this 
area since 19^9 the deep pay was not discovered uiiiil 103!). 

Ihc surlace rucks in the vicinity of the Apco field are Quaicrnary and 
Recent alluvial sedinicnts, ancient dejiosils of the Pecos River. The suh- 
surlace .section includes CIretaceous, Tria.ssic, Permian. Ordovician, and pre- 
(^ambrian rocks. J'he greater part of the stratigraphic section between the 
thill veneer of surficinl deposits and the oil reservoir rock coi-sisi'' of PerniiLin 
dolomites. 

The main producing zone of the Ajico field lies within the Klleiiburger 
formatioii nf laiwer Ordovician age. I he Ellenhurger is about 800 feet thick 
at A]H(j and consists primarily of gray to buff siliieoiis ilrdoinite. It ap])ar 
eiitly underw’ent considerable weathering and leaching during jire-Pcrmiaii 
emergence with the result that vuggy ])orosiiy has been developed in three 
persistent zones lying from ITjO to 300 feet abovr ihe base. I'he interstitial 
porosity has been augmented by fiaciiires. Exposure to weathering also 
produced an enrichment of siliceous material at the Elleidnirger surface by 
differential leaching. 

.Accumulation in the Apco field is in a buried hogback of Ellenburger 
dolomite which laps up on the flank of a hill of pte-Ciamhriaii rock. 'T'rap- 
])ing is due to the blanket of Permian shale vvhiih overlies not only the dip 
slope of the hogback but also the scai|> fate and the pre-Ciambrian hill. 
(.)il traveling up through porous zones in the tilled Ellenburger dolomite 
was ini|)ounded by this seal. 

riie ii|)|)er left figure on the opposite page shows the paleogeology at the 
base of tlie Permian. The regional dip is to the northwest, anil pre-Permian 
ero.sion beveled the Ordovician .Simpson .shale, the underlying Elleidnirger 
dolomite, and the pre-fiairibriaii complex. The figure to the right show\s, by 
means of contour lines, the topography of the top of the Ellenburger where 
it is in contact with the unioidormablc overlying I’erinian shale, l-airly con¬ 
sistent dips to the west show the dip slope of the hogback. .Also shown is 
the rim of the hogback and the eroded scarp fare. Ehe drawing at the lower 
left shows the actual rock structure, a fairly tonsisteni vvesiward-dipping mono¬ 
cline. The cro.ss section from northwest to souilieast through the Apco field 
shows the Ellenburger hogback. Courtesy Ameriran Assoriation of Petroleum 
Geologists. 

* Saiiiliel J*. F.lli.son, Jr., ‘‘.Apco Eielil, l*ctos Cniinly, I uxa.s,” Sirurture of Typical 
Americait Oil Fields fAiii. Assoc. Petrol, (ieol.. 194H), Vol. 3. pp. 399-118. 
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reservoir rotk outcrop by the arruiiiuhition of asphalt there. It has 
been siigf^esteil that this tar was fornicd by the interaction between 
minerali/cil ground waters and peti oleum hydrocarbons. Solid hydro¬ 
carbon seal.s also play a role in the trapping of oil in other California 
fields, especially East Coalinga and McKittrick. Yet another example 
is the Cacheula field in Argentina.’'^- Although some of the oil in the 
Whittier field in California has been trapped by the termination of 
the reservoir rock against the WHiittier fault, there has also been 
trapping due to the presence of a.sphaltic residue at the outcrop of 
the reservoir.'"’" 

Overlap Seal. Hie overlap seals can be divided into two types: 
(1) the strata overlap a truncated plunging anticline on the flank of a 
monocline; (2) the overlapping sedimenis overlie a iruncated closed 
anticline, which has been aptly referred to as a "baldheaded structure.” 

Angular umonformities are a well-known type of trap and the most 
prolific of those falling within the varying-permeability classifica¬ 
tion.The outstrifuling example of sealing by overlap of mono- 
clinal sediments is the East I'exas field, in which the beveled Wood¬ 
bine sandstone has been effectively sealed by overlapping Austin 
chalk. Accimmlation in ihis field is illustrated in Fig. 70. If the 
pre-overlaj) tilted seiliments are of unei|iial hardness, dillerential ero¬ 
sion may scallop the surface into hogback ridges and strike valleys. 
In the Apeo field in Pecos (aiiinty, Texas, a hogback of permeable 
Elleidnirger dolomiie was submerged and buried beneath impervious 
Permian sedimeius, forming an ideal trap for oil aicimmlalion (Fig. 
77). Very similar in its siriutural pattern to East Texas is the West 
Edmond oil field of central Oklahoma which was discovered in 19 1 
At West Edmond the tilted, truncaied, and overlajiped reservoir rock 
is the Buis d’/Vre limestone of fluntoii (Silnro l)evonian age), sealed 
by imconformably overlying lower Pennsylvanian shale. At both 

Aiuiii., ‘ VrK HiiUl.s rhiie in Oil DL-vcInpiiieiii,” World 

Petrol., Vnl. lU , I!) II), |i|). 72--7H. 

la.iW. H. Hnliiiaii, "Neiiillirr Oil Ficlrt," i}il aod Hr/.s rields of Cnliforjiia (Calit. 
Div. Mines, Hull. IIK, l«)i:i). p. 290. 

1 a 1 Flank ). (.anliuT, “RL-lalitinsliip ol rnrniironiiilics in Oil anil (ias Acruiiiiila 
linn,” Hull. Am. .Issoe. Petrol Geo!., 2*1 (NiiVEiiihcr, IHIO), pp. 2022-2n‘ll: 

A. I. l.i'vniscii, "RL'laiinii nt Oil ami (’a.s I'nuls in I'nrnnrniiniiic.s in ilic Miil-Cniiii 
iiciil Problefiis of Prlroleum Geolit^y l Aiii. A.ssm. Pi'irnl. (iL*iil-, 1931), pji. 

7(il-7H 1. 

1I). .\. Mrt.ec aiul H. D. {L'likiii.s. "Wesl EdinuiiLl Oil FIeIiI, CEiilral Oklahoma. ' 
Hull. .Im. Assor. Pe/rof. Crol., \'nl. 30 (Novemhci, lOlfi), pp. 1797-1^2.9; RoIumI M. 
Su'L'snik. ‘‘ta'nInKV of West Filinoml Oil Fii'lil. Oklalinnia. l.n^an, Clanailian anil 
Kiiifr(i.shLT Ciniiilics. Oklahoma," .Sfnirfnrr of Txfnraf Amerinin Oil Fields (Am. 
A.ss€R\ PiMinl. 19IS). ^'nl. 3. pp. 3.''iJ)-39H. 
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West Edmond and East Texas the reservoir rock extends dow'ii-dip 
westward into a large basin 'which supplies galhering area of con¬ 
siderable magnitude. To the south of West Edmond, along the casl- 
ern margin of the Aiiadarko basin, arc additional unconformity ac- 
cuinulations including Oklahoma City, a baldheaded structure de¬ 
scribed in a siibsei|iicnt paragraph. Similar traps are found in vari¬ 
ous other parts of the world; examples include many fields in Cali¬ 
fornia, especially in the San Joaquin Valley,and in the west Riichi- 
vacoa district in Vcnc/ucla.^-*" 

Overlap across baldheculed structurcs may also be complicated by 
pre-overlap topf)graphy. If tbe strata in the anticlinal fold are similar 
in their ilegiee ol resistance to errisinn, the plane of tbe unconformity 
will be flat and the picture the same as for an overlap|>cd beveled 
monocline except that the reservoirs may be repeiteil, in reverse 
order, on the opposite side of the buried anticline. Many times, how¬ 
ever, the rocks in the anticlinal fold prove to lie of ime(|ual resistance, 
anti if the core is harder than the younger Hanking rocks, the buried 
erotled anticline will also be a hill. Sometimes later folding along the 
same line of weakness sharpens the relief of the hill by further up¬ 
ward arching of the ])lane of unconformity. It is also |)ossible for a 
hill containing flat-lying permeable strata to be submerged and cov¬ 
ered by impervious nverlajj])ing rrick, thus becoming a trap for t)il 
accumulation, Init siiih situations are unttinmion. 

Sealing on a baldheaded siruclure is usually brought about by the 
blanketing effet t of the o\ erlapj)ing younger sediments as illustrated 
by the Kraft-Pru.sa field (big. 7H). .Another example of this type of trap 
is the Oklahoma City fiehl,^‘“* one of the great oil fields of the world, 
riierc the “baldhcad, ” the core of the truncaled iloiiie, is Arbuckle 
limestone of Cambro-Orilovician age. Arranged in semicircular pat¬ 
tern (Fig. 79), on the west are successively younger Ordovic ian strata, 
including various sandstones, whereas to the east, cutting across the 
side of the dome, is a major fault which has dropped the Mississippian 
rocks down to the level of the Arbuckle, and buried the Ordovic ian 
reservoirs to great depth. 'Fliis eroded faulted dome is overlain un- 

lar, Gcor^x' M. Ciimiiii^tKiin anil W. I>. Klcinpell. "Iinpoilaiiic ul I-'iii niifnrmiliL'.s 
to Oil ProilurliiJii in llic S;in |nnf|iiin \':illey, California," Probitrms of PrArnhum 
(leotoiry fAin. As.soi:. l*iMrol. CpoI.. pp. 7H5-H05. 

13" G. W. Halsc, "Oil I'icltls o\ Wem lliirhivaiinn, VL-iip/ucIa," Hull. Am. Assar. 
PelroL deal., Viil. 31 rDcrL-mbcr, 1917). jip. 2170-2192. 

13W n. Mrt.i c ami W. \V. Clawson, Jr.. "Geology and DEVelopmcnt of Oklahoma 
City rield, Oklahoma Coiinly, Oklahoma," Bull. Am. Assoc. Peirol. Geo/., Vol. Ifi 
fOcLoher, 1932), pp. 937-1020. 
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conformably by Pennsylvanian forniaiions. The principal reservijir 
rocks arc the Arbuckle limestone at the toji ol ihc dome lieiiealh the 
unconformity, and various truncated sandstone formations belonging 
to the Simpson group of Ordovician age. 

Baldhcadcd structures buried beneath unconformities have been 
important producers of oil in many other localities.^'’'' At El Dorado/"’ 
Kansas, the core of the truncated anticline is the completely buried 
Nemalia granite ridge. In the Texas Panhandle the conditions are 
somewhat similar, but here the core rock is the east-west trending 
Amarillo Mountain range. At Healdton, Oklahoma, coiii|dexly folded 
sediments, instead of granite, underlie the unconlormiiy. The (iolden 
I.anc pool of Mexico, soiiih ol Eampico, produces r*il from a great 
buried anticlinal ridge of |)oiolis limestone. Other fields which illus¬ 
trate this situation are Cushing and Seminole, Oklahoma; Gorham 
and Fairport (Fig. 7), Kansas; and Yates, Texas. 

Sealing at unconformities by the abiitticig of the reservoir rock 
against impervious older rock is also possible. I'his is an olllap, rather 
than an overlap, relationship, and it results from regression of the 
ancient sea in which reservoir rock deposition took place. The 
trajjping of hytirotarbons in some of the ])rodiicing sands in the 
Amarillo district of the 'Fexas Panhandle has been a result of the 
deposition of granite wash material on the Hanks of tin* now buried 
Amarillo Mountains. These arkosic sedimenls wedge t)iii against the 
granite surface and have been covered by younger im])ervioiis rock.’ 
At the southeast edge of the Oklahoma Air.nlaiko basin in Ciarvin 
and McClain Counties, norlhwest of the Arbuckle Mf)untains, the late 
Pennsylvania sea lapjjed up upon the iruiicated edges tjf various older 
Pennsylvanian formations after the Paul’s Valley iiplill had tilted 
the plane of the eroded surface to the west. During a regressive phase 
of the late Pcnn.sylvariia sea, the Deese sands were deposited in sheet 

john L. FcrRiison :iml Jfss Vi-nirm, ‘‘'Hil- Rrlaiioiisliip ol niiiiufl Hills to 
Pcti'Diuum Acciiniiil'.itiuii,” Sriencf of Prtrolemn (Oxloitl tJiiiv. I’russ, IIIHH), A'lil. 1. 
pp. 210-213: )osepli A. Kornlclil, ■.SlialiKiapliii I mps. Soiirit* of Majiir 1‘rotliiciimi 
over Ccniral Kansas I plin," Oil Weekly, \o\. 100 (Jan. ITi, IfMl), pp. 13-10: 
A. I. Levorsen, ".StraLigiaphic versus SirurUiral AtLiiinulalioii," Oil and Oas Jour., 
Vnl. 31 (March 26, 19.56), pp. 11 el .serf. 

14“ fnlin R. Reeves, "FI Dnrario Oil Fieltl, lliillcr Cniinly, Kansas," Structure 
of Tyfnral American Oil Fields (Ain. Assoc. Pclriil. Geol., 1929), Vnl. 2, pp. 160-167. 

141 lohn L. r'L*rf*u.srjii anil jess A’ciiidii. op. cit. 

142 Henry Ro^^ilz, “Genlngy nl J exas Panlianrlle Oil and Gas Field," Bull. Am. 
Assoc. Petrol. Geol., Vnl. 19 (August, 1935), pp. 1089-1109; Vnl. 23 (July, 19.59). 
pp. 983-1053. 

143 Anon.. "Anadaiko Basin Discoveries," The Link, Vnl. 12 (May, 1947), pp. 1-5. 



314 


Accumulation; Traps 

form extending out into the basin in one direction and abutting 
against the plane of angular unconformity in the other (Fig. 80). In 
both the Texas Panhandle and Decse sand fields, accumulation is the 
result of the impounding of oil moving up-dip and reaching an im¬ 
pervious barrier where the reservoir rocks terminate against the steeper 
surface of uplifted impervious older rocks. 



STRATIGRAPHIC TRAP FINDING. As a rule, stratigrapluL 
traps, unlike structural traps, give no surface indication of their pres 
ence. There are, however, two possibU- excejJtions to this generali/.a 
lion. Didercntial compaction of shale above a shoestring sand may 
result in a slight arching of the higher strata.'*^ Obviously it is neces¬ 
sary in order to determine the presence of buried sandstones of this 
type to employ extreme acruracy and detail in mapping the structure 

jnhn L. Riili, '‘Ap|jlir,iliiiii of PriiiriplE of DilfL'iL'iilial ScUliii" lo 1 
uf l.ciiiinilar Sand Bodies. ' Bull. Am. Assoc. Petrol. Geol., \'ol. 22 (|ulv, 193H). 
pp. H23-H33. 
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in the surface bed-rock formations. The oilier possible exception is 
that resulting from the draping and ditferential compaction of the 
sediments overlying limestone reefs. If the reef is of sufficient magni¬ 
tude, its presence may be reflected clear to the surface by the con¬ 
figuration of the younger strata. That is the situation in the Marine 
pool of Illinois, where a Pennsylvanian limestone only 250 feet below 
the surface has fiO feet of closure; the much deeper reef has double 
that closure. 

In addition to the general absence of criteria of the probable exist¬ 
ence of varying-permeability traps in the surface formations the tradi¬ 
tional techni(|ues of geophysical exploration are similarly impotent, 
for they, too, are based on finding structural rather than stratigraphic 
featiiresJ "' Again, some exception must be made for reefs. If the 
overlying sediments roughly parallel the u])per tojiographic surface 
of the reef, the occiirreiire of this structural situation can be deter¬ 
mined in the same way as that of any other anticline.The Leduc 
field in Alberta was discovered in this way.'^* It has likewise been 
claimed that reefs could be discovered by determining the existence 
of arched overlying shales through their radioactivity.^"’ Theoreti¬ 
cally the reef itself, if of any magnitude, should be discoverable by 
geophysical methods, but geophysical technii|iies have not progressed 
to the point where their application has had any spectacular success. 
Gravity .sur^cys tend to be complicated by unevenness on the crystal¬ 
line rock basement floor, and seismic surveys tend to draw a blank 
above reef-containing areas. The latter, a negative criterion, may 
prove to be useful in reef-finding, however. 

With these exceptions and possible exceptions, the sole technique 
for finding stratigraphic traps is the use of subsurface geology.*'^" 
Only by detailed, accurate, and intelligently interpretive studies of 
palcogcology, paleogeography, and scdimentology ran the presence and 

Heinz A. I.riwen.siam, "Marine Pnnl, Mailisun Clniinly, IllinDiH, Silurian Reel 
Profliiccr,” Sirurture of Typical .American Oil Fields (Am. A.s.wt. Petrol, ficol., 
1D18), Vol. 3, pp. 153-1RH. 

nfi [. I.. Aclicr, "Gpnphy.sical F.xplnraiinii fnr Stratigraphic Traps," Geophysirx, 
Vol. H (Octoher, 1013), pp. .337-317: Neal Clayinn, "Sei.siiiic Problems in Red 
Shooting," World Oil, \'nl. 1.30 (Feb. I, 1D50), pp. 0!)-72. 

1*7 E. O. Alcock, ‘ Prosperling lor Recf.s with the Seismograph," World Oil, 
Vol. 130 (April, 1950), pp. 74 et seq. 

14H T. A. Link, "Lciluc Oil Field. Alberta, Canada," Hull. Oeol. Soc. Am., Vol. 00 
(March, 1919). pp. 381-402. 

148 R. A. Sloihart, “Reef Surveying with Radioactivity," World Oil, Vol. 150 
(January, 1950), pp. 61-03. 

isn V. E. Moiiiietl, "Stratigraphic Exploration and Future Discoveries," Oil 
Weekly, Vol. 101 (March 31. 1941), pp. 26 et seq. 
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position of unconformities, shorelines, and other types of wcdgeouLs 
be determined.^®^ In addition to the information already available, 
it may be necessary to drill "stratigraphic tests” before selecting the 
location for exploratory wells. 

It is obvious that the search for new stratigraphic traps is more 
expensive lhan the search for structural traps. But as the undiscovered 
iraps become fewer and fewer the emphasis on the search for strati¬ 
graphic or varying-pernieability traps will increase. It is equally ap 
parent that this search is possible only by the employment of the hnest 
type of scientific geology. 


TIME OF ACCUMULATION 

rhe time of accumulation of hydrocarbons in traps in the earth’s 
crust is a matter not only of considerable interest but also of great 
practical iinportaiue in oil-finding. Unfortunately our knr)wlcdge is 
rarely sufficient to permit the exact dating of accumulation. How¬ 
ever, one can alway start with the general rule that the accumulation 
is later than the establishment of the (rap. 

Post-dating accumulation until after trap formation does not mean 
that a long period of time between the two is necessary. There arc 
many examples of probable early accumulation, the word early being 
used in a relative sense. For example, it is quite likely that the oil 
trafiped in the shoestring bodies entered those bi)dies shortly after 
deposition during the (ompacting of the surrounding shale. It is 
also possible that some anticlinal accumulations may have taken place 
long before the last folding. Subsurface studies show that most of 
the folds in the older rocks in the earth’s crust have been formed 
through a series of recurrent inovemeiits, and adequate closure for 

■ •''i W. C. kniiiilirin, ‘‘Recent SedinieiiUilinn in llic Sc:ireli fnr Petrolciini," 
Bull. Am. Assoc. Petrol. GeoL, -‘I (Sepleiiiber. 1915), pp. 12.'J3-1261; "rrinciples 
of SeilimeiilatiiJii aiiil llie Seaitii for Slraligraphic Traps,” Eton. Geol., VdI. .S6 
(nemiilicr, 1911), pp. 7Hti-S10. 

IPS \>\ M. \'aii Tiiyl and Ren H. Parker, "Time of Origin and Accumulation of 
Pell dIcuiii." iliinrlrrly Colo. School of Mhirs, Vol. 315 (April, 1911); Alex. W. McCoy 
and W. Ross Kcytc, ‘ Prcsciil Inlerprelaiinns of llie Structural Theory tor Oil 
and lias Migration and Accninidalioii." Problems of Pefrnleinn Geolopy f.Aiii. Assor. 
Pelrol. ('ienl., 1931), jip. 29ti-.S0.3: William R. Ifcroy, ‘‘Pcrrolenin fieology,” Geol. 
Soc. Am. ^Oth Anniversary I'ol. (1911), pp. 512-5'lK: Sianley C. Herold, “Ciiiteria for 
neleriiiiiiiiig the 'l ime of At i iiiniilaiion under Special Circunislanres," Bull. Am. 
Assoc. Petrol. Geol., ^’nl. 22 ^^July. 19.3H). pp. H.31-H51; A. I. l.rvorseii, "Time of Oil 
and Gas Acciiinulaliiui," Bull. Am. Assoc. Petrol. Geol., Vol. 29 fAugust, 10-45), 
pp. 1189-1194; F. F. Ilinl/c. “Oil Accninulatioii in Relation in Pciiods oE Folding," 
Bull. Am. Assoc. Petrol. Geol., Vol. 7 (^|anuary-Fchrnary, 192,3). pp. 58-0.5. 
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the trapping of oil may have existed several periods previous to the 
major diastrophism ordinarily credited with the creation of the pres¬ 
ent picture. To some degree, the same situation exists in regard to 
faulting. Many faults have been recurrent, and the offset may have 
been sufficient, after the initial movement, to create a subsurface dam 
for the impounding of oil. Therefore, some structural accumula¬ 
tions may have occurred at a relatively early date and subsequent 
earth movements may merely have accentuated the traps. 

We do know, however, of anticlines containing oil which were 
formed by a single, relatively late, period of diastrophism, and many 
faults have had but one period of movement of any magnitude. Fur¬ 
thermore, in the unconformity traps a relatively late date of the 
accumulation can scarcely be denied. Examples of late accumula¬ 
tion are many, hartram finds no evidence of incipient folding in 
the Rocky Mountain fields producing from the Embar and TeiisleejJ 
sands and so does not believe that the oil foiiml in these Pennsylvanian 
and Permian reservoirs could have accumulaied until the end of ihe 
Cretaceous or early Eocene when folding took place. Hoots notes 
that the Ventura anticline in California, which produces from Plio¬ 
cene and Pleistocene sediments, was not folded until middle Pleisto¬ 
cene time. The tilted and truncated Ordovician reservoirs at Okla¬ 
homa City contain great deposits of hydrocarbons iininediatcly be¬ 
neath a seal of Cherokee shale which was not dei)osiled until into 
Pennsylvanian time. Furthermore, Levorsen,'''-* from a study of reser¬ 
voir pressures at Oklahoma City, believes that the aciumulation did 
not reach its maximum until after the overburden above the trun¬ 
cated edges of the reservoirs had reached somewhere near its present 
thickness. Walters and Price state their belief that migration r»f oil 
into the Arbuckle below the Pennsylvanian unconformity at Kraft- 
Prusa, Kansas, took place in late or post-Pennsylvanian time. Rea 
sons follow: (1) solution porosity in the Arbuckle was not developed 
until the early Pennsylvanian; (2) Arbuckle dolomites probably would 
not have retained indigenous oil during exposure on early Penn 
sylvanian surface; (3) overlying and oil bearing Pennsylvanian sedi¬ 
ments constitute an adequate sinirce; (4) probably no closure on this 
unconformity until after Lansiiig-Kansas City time; (5) reservoir struc- 

John G. Bertram, in 1'. M. \’aii J’uyl and Ben H. Parker, op. cil., p. 153. 

151 H. W. Honls, ibid., p. 153. 

155 A. I. Lcviirscii, op. cit., pp. IIDZ—1191. 

15H Robert F. Walters and Arihui S. Price, "Krafl-Priisa Oil Field, Barton County, 
Kan.sas,’' Structure of Typical American Oil Fields (Am. Assoc. Petrol. Geol., 1948). 
Vol. 3, p. 26B. 
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lure is completely filled, indicating late adjustment to reservoir 
capacity. 

riie principal faulting which caused the acciiinulation in the 
Oficina area in Venezuela did not take place until after the bef^inning 
of Las Piedras (Mincene-Pliocene) time, whereas the reservoirs are of 
Oligocenc-Mincene age.^"’" An extreme situation has been noted by 
Reed in the San Pedro and other oil fields in northern Argentina. 
I here the only possible source rock is Devonian, and the structure- 
forming movement which created the trap in which the oil is Ibiind 
did not take place until the PleisU)cene. In the fractured shale pools, 
such as ihe Florence field of Colorado, it is obvious that the oil could 
not have accumulated until after the fissures were formed, and these 
could nut appear until the shale had attained some degree of lithi- 
faction. It is also true that the oil which has accumulated in leached 
and porous zones in limestone could noi have done so until after the 
period of emergence and subareal erosion that created the cavernous 
situation, and ihis may not have taken place until long after the 
original deposition of the carbonate rock. The ultimate in late ac- 
curnulalion is illuslrated by ihe occurrence of oil beneath surficial 
asphalt ileposits formed during the present cycle of erosion. The 
seeps that occur along the oulcrop of sf)me nionoclinal reservoir rocks 
at the present time point to the possibility thal accumulation is going 
on today where trajis lie across the pathway of ascending oil. 

Every great unconformiry creates an almost infinite ninnber of vary- 
ing-|)ermeabiliiy traps over many ihousands of square miles beneath 
the plane of the uinonforniity. However, the magnificent oppor¬ 
tunity during the hing time of emcrgcnc:c and erosion fr)r the escape 
of hydrt)carbons from ihe older rocks should also be noted. Heald 
points out iliat in pre-Pciinsylvaniaii time erosion across the liarton 
arch in Kansas stripped off a great volume of Mississippian, Devonian, 
Silurian, and Ordovician rocks, exposing the pre-Cambrian complex 
along the arch axis. During that period any oil within those rocks 
must have had amjde opportunity to escape. Yet today many great 
oil pools occur immediately beneath this unconformity, sealed there 
by the overlapping Pennsylvanian sediments, with accumulation in 

O'* H. n. Hcilher^. 1.. T. Suss, anil H. |. Kiiiikluuisci, "Oil Fields of Gicalin 
OliL'iiia Area. Central An/natc^ui, Venezuela," Hull. Am. Assoc. Petrol. Geol., VdI. 31 
(l)eceinber, 1!M7). p. 2138. 

ms l.ynian C. Reed, "San Peilro Oil Field, Provinre of Salla, Xnrlhcrn Arpcnlina," 
Hull. Aitt. Assoc. Petrol. GeuL, \'ol. 30 (.April, 1.016), p. 605. 

If'** K. C. Heald, “Essentials for Oil Pnols,” Elements of the Petroleum Industry 
(.Am. Iiisl. Min. Met. Engineers, 1040), pp. 38-39. 
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porous rocks which must have been at or very close to the surface 
before being covered by the Pennsylvanian sea. A similar situation 
exists at Oklahoma City, but there some asphalt has been found at 
the top of the truncated sands, implying the presence of a seep when 
this surface was exposed. The presence of asphaltic material here 
can be taken as evidence that Ordovician oil was escaping during the 
pre-Pennsylvanian emergence, but the quaiitily of asphaltic material 
is ton insignificant to warrant the postulation of a tar seal adequate 
to contain beneath it the great oil deposits now I on nd there. Howard 
describes a similar jjroblein in the northern Rockies: “The Madison 
limestone of AVyoining and Alberta contains oil but this Ibrniation is 
overlain directly by deposits which were laid driwn in the Jurassic, 
possibly 100,()()(),0()0 years later. It is difficull to conceive of oil form¬ 
ing in the Madison, staying there for that length ol time and then 
rising into the reservoir only after a seal was laid down over it." 

At least six possible solutions of the enigma of ''old" oil caught in 
"young” traps have been suggestedlf One ob^ ions j)f ) ssible exi)lan atioii 
is that the oil unccinformiiies came Iruiu the. overlying 

strata which functioned both as seal and source rock. The overlying 
material musl then have been a highly organic iiiiul or calcareous oo/e. 
The compactir)!! which ii underwent while liihifying into shale or 
limestone would cause some of the conlained fluids to be si]uee/ed 
downward into porous carbtmale rock or samlsioiies immediately 
underlying the unconformity, lliough this simple e\|)lanation ap- 
jjears aj)]Dlicable in many areas, it is difficult to apjily at Oklahoma 
City, because there the oil in the Ordovician reservoirs is (piite ilis- 
siinilar to that found in the Pennsylvanian reservoirs. 'Thv two oils 
are more nearly siiiiilar in the IJaiton arch area of Kansas, bin 
there the Pennsylvanian reservoirs contain considerably more gas. 

Another suggested explanation fs tlnit the oil was generated by and 
during the same diastrophisni that priKliiced the trap. This is the 
geologic distillation hypoihesis which is discu.ssed in Chaprer 5. 

" A third po.ssible explanation is the recurrent generation hypothesis 
advocated by White and Stadnichenko and likewise described in 
Chapter 5. According lo this concept, the Oklahoma City oil was 
being generated from source materials in pre-Pennsylvanian times; 

iHn W. \\ Hnwai cl, ‘‘ The Derivalion iif Rc.scrvnir Rocks, ” Oil nnd (ins Jour., 
Vnl. 42 rjiinc 24. 1943), pari 1, p. 1.58. 

Ill John L. Rich, “Source and Dale of Accumiilatinn of Oil in C>raniLe Ridge 
Pools of Kansas and Oklahoma," Bull. Am. Assoc. Petrol. Geol. Vol. 1.5 (December, 
1.931), pp. 1431-14.52. 
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this oil miRTated up the inclined strata and escaped at the surface, 
f»Ltasionally Jeavinfj some asphaltic residue. Subsequently, after scal¬ 
ing by overlapjjing Pennsylvanian sediments, elevated earth tempera¬ 
tures and pressures due to deep burial brought about the harvesting 
of later crops from the same srmree material: this time the oil ac- 
cLimulated beneath the plane of the unconformity. However, the 
previously discussed studies of Brooks and others cast a doubt upf)n 
ihe validity of any process ol oil generation that involves appreciable 
increase in tem|)craturc. 

‘ A fourth idea, advanced by Dorsey,is that the oil accumulated 
in whatever traps were in existence before the uplift and truncation. 
Wilh the uplift the water table was lowered and the oil followed the 
water down the dip, withdrawing from the near-surface /one where 
it was in greatest danger of escape or destruction. .Subsequently, after 
resubmergence and the depirsition of younger sediments above the 
unconformity, the water table rose to levels above the unconformity, 
permitting the oil to move back up-ilip and become impounded below 
the plane of ihe uncmifonnity. A major objection to this hypothesis 
is that the upper surface of the oil accumulation, perched on top of 
the water table during the time of uplift and erosion, was in con¬ 
stant contact with the atmos|3herc, even though the water table may 
have been several hundred feet below the topographic surface, so the 
more volatile petroleum roiiqxninds would escape and the remaining 
hydrocarbons would lend to combine with oxygen. Both of these 
activities jjinduie a tarry oi asphaltic residue which w'ould in all 
|)robabilily noi be able to move up to the plane of the unconformity 
after the overlying sediments were deposited. 

\'an ruyl and Barker suggest that perhaps the oil "may be stored 
for considerable periods after generation, either in a disseminated 
condition or as jjools, which may undergo renewed migration as a 
result of changes in geologic structure.” A somewhat similar concept 
has been expressed by Hedbcrg, .Sass, and kunkhouser: "Since the 
principal faulting causing the accumulation did not occur until after 
the beginning of Las Piedras time, it is evident that while oil migra¬ 
tion may have been taking place previously, it must have continued 
well into the time of I.as Piedras depi:)sition. It may be that the 
extensive migration could not proceed until a certain dip gradient 

i“-Cicnr^c I'.clwin Dorsey, "i’rcscrvniioii of Oil During Erosion of Reservoir 
Rnrks,’ liitU. Am. Assoc, Petrol. Geol.. Vol. 17 (July, pp. 827-812. 

uia F. M. \':in I iivl anil Ben H. Parker, "Time of Origin and Accumulation of 
Pclrolcum," Quarterly Colo. School of Mines, Vol. 36 (.\pril, 1941), p. 164. 
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had been established in the Ofirina fonnatinn by the combined results 
of compaction and basin subsidence.” Davies believes that the 
Mesozoic oil ol the Rocky Mountain province was lying dorniant in 
the deeper parts of the sedimentary basins until Laramide orogeny 
produced traps for its concentration. 

The sixth suggestion, which is to a consid erabje extent an jelabora¬ 
tion of the Van I'uyl-Parker Hcdl^rg^ al. idea, is that the oil was 
formed early and was temporarily stt)red in “transient iraps,” which 
are very minor irregularities in the structure of the reserv oir r ock. 
These minor wrinkles, which are rather universally jiresent in strati¬ 
fied rocks, would yield oil by spillage with every slight till. I'hereforc, 
the sinking of a regional basin, which lakes j)lare intermil tently, 
would release oil from time to time which would drain up the Hanks 
of the basin. 7 he oil stored beneath the iiiu onformilies in the Mid- 
(]ontinent and elsewhere could have aciiinudated alter basinward 
tilting, w'hich took place afier (perhaps Irjii!* alter) the dcjiosition of 
the overlapping younger sediment. 

BARREN TRAPS 

In many areas barren (waterfilled) traps tend to be the rule rather 
than the exception. A number of possible explanations for this 
situation, nifjst of which have been given before, an* assembled and 
summari/ed at this point. 

1. No source juaterial. I he absence of j)olenlial source material 
in the sedimentary seciioii may be due to unfavorable climate, too 
rapid sedimentaLion, wrong depositional environment (which in¬ 
cludes a topographically high j)Osition on the sea floor), or the destruc- 
lion of oiice-piesent source material during die dynamoihemical stage. 

2. No generation of oil. Inasmuch as w^e do not know the oil- 
prodiuing processes, we can only guess at what may be responsible 
for lack of transformation of organic solid into lir|uid or gaseous 
hydrocarbons. Suggested possibilities in this regard include absence 
of the proper bacteria, absence of the necessary catalysis, inadequate 
time, and insufticient cover. 

IB+H. D. Hcilhcig, L. C. Siiss, anil H. J. I'unkhmiSLi , “Oil Ciulils ol (;rc:ilci 
OTidna Area, Cciilral An/oalP^ui, Vcnc/upla,’’ JliiU. Am. Assoc. Petrol. Geol., 
Vol. .SI (Deccmlier, 1917). p. 213H. 

iBSH. Y. Davies, “Suiulural Hisiniy aiul Tls KLialioii lo ilie ALLiimulalirin nl 
Oil and Cias in ihc Knirkv Moiinlaiii Dislrii.l," Prof/Iems of Pclrolrurn Grnlof^y 
(Am. Assoc. Petrol. Gcol.. 1931), p. 090. 

iGD Frank R. Clark, “Orif^in and .Accumulation of Oil,” Problems of Petroleum 
Geology (Am. Assoc. Pcirol. Gcol., 1931), pp. 334-335. 
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3. Oil jailed to reach trap. This may have been due to inadequate 
permeability between source and trap, or it may be due to wrong 
timing (paragraph 6). 

4. The oil has escaped. Regional tilting may have caused the oil 
to spill out of the trap, alter which a reversal of the tilting reproduced 
the trap situation. Fissures and faults may have allowed the hydro¬ 
carbons to escape upw^ard to the surface, where they became dissi- 
jjated. Because no rrick is absolutely impervious, a great enough span 
of geologic time might permit the more volatile hydrocarbons, at 
least, to disperse through the confining rocks without benefit of any 
fracture system.Another and a very commonly cited method of 
oil-escape is fiiishiiig by cin ulating underground w'atcrs. filing 
states that as a general rule less oil is stored in the first 1000 feet of 
depth than in succeeding 1000-foot units, and he believes that the 
lesser accumiilatioii at shallow depth has been due to the more aitive 
w'ater cirnilation w'liich is lound there. He suggests that the oil and 
gas are dissijjated long before the actual uncovering of the reservoir 
strata by erosion. For the case against oil migration or Hushing by 
hydraulic action see Clhapter fi. 

The thesis of oil escape upward w4ien a trap is tilled, or punctured 
by a fracture, is predicated upon the presence of water. The water- 
saturated /one extends oidy to the w'ater table. AVhere the water 
table is high, as in humid belts, intersecting the surface in the topo¬ 
graphically low' sjjots, the oil will escape and join the surface runf)ll. 
Where the water table is deej), as in arid environiueiiis, the oil may 
remain perched at the w'aier-table surface until evaporatiem of the 
more volatile constituents has reduced it to a tarry mass impregnating 
the rocks at that level. In arid regions of high elevation cut by deep 
valleys, ihe valley-floor elevation controls the water-table level except 
in confined a(|uifers. Linder these conditions it is of no avail to look 
lor oil in free (as opposed to conlinetl) reservoirs in the anticlines 
above drainage level, for there is nothing to hold the oil up there. 
Furthermore, any oil once stored in these traps could have been 
drained out, along w'ith the undeilying water, by the downcutting of 
the canyons. Even the conlined reservoirs w'ould be drained of their 
fluids above creek level if a valley were rut through the impervious 

10" William 11. Ulmov, ‘ rLMrnIciiiii (it'olngy,” Ccol. Stir. .1;/!. ‘iOlh Aimivrrsfiiy 
I’nI. (HMl). |ip. 

^’illCClll C. tiling, "Role Ilf Siraiij^raphy in Oil nisnivei y," Hull. .i/n. .4jjor. 
refnil. f;nW.. N’ol. 2M ijiily, 191.5), p. HSO. 
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i:ap rock into the underlying aquifer. Storm describes a number 
of wells drilled on anticlines near the Colorado River in southeastern 
Utah where any oil that was trapped probably drained down the 
river in geologically recent time. 

5. Oil destroyed. Hydrocarbons in rock can be destroyed in at 
least three ways: by relatively intense diastro])hisiii; by weathering, 
and by the activity of hydrocarbon-consuming bacteria. For the last 
two methods ol destruction to become operative, enough cover must 
be stripped so that the oil accumulation lies within the zone of oxida¬ 
tion. Heald cites the Moorcroft field of Wyoming as an example 
of the exposure of an oil pool by erosion during the present cycle. 
No doubt many accunuilations have been exposed niiil dissipated in 
the gei)logic past. It is equally probable that hydrocarl)on de|)osits 
have been destroyed (nr at least expelled) by diastrophism where the 
sedimentary rocks show any degree of metamorphism. However, Avith 
these except![)ns, it is probably most difficidi to destroy oil in the 
earth's crust. As the unstable crust teetei> and twists, the oil in 
laterally persistent reservf)irs moves around like the bubble in a 
carpenter’s level; at times some of the nil may sliji by the traps in its 
path and reach the surface, where it is lost. It should always be 
remembered that most of the movements of the earth’s crust are 
infinitesimally slow; as a general (but not invariable) rule the oil can 
migrate with sufficieni rapidity to remain in adjiistinent with ihe 
changing tectonic pattern.*"^ 

fj. Trap formed too late. 'J’he timing of oil atcuniulation is of 
ulniost ini])ortance. Obviously a trap is of no value if it does not 
come into existence until the hydrocarbons have ceased movement 
through the rocks. Van f uyl and Farkei pr)int out that in some 
areas the barren anticlines contain a greater thickness of the forma¬ 
tions lying above the reservoir rocks than in adjacent productive 
anticlines. Presumably the anticlines overlain by thinner stratigraphic 
sections have been growing sporadically through a cr)nsiderable span 
of geological time, whereas the anticlines containing normal sections 
have been formed by but one period of folding, and that relatively 

W. Slnriii, "Oil anil Ground Water in Hit'll Rorky Moiinlaiii Slrurliircs,'' 
Mines iMnff., \'rjl. 31) (Dcccnil)cr, iniR). pp. G2-(il. 

K. G. Mt'ald, “F.sseiilials for Oil I*od1s,’’ Elements of the Petrolrnrn Industry 
(Am. Iiisl. Min. Mel. Enj^incers, 1910), p. 36. 

T. C;. liicstaiid, "Regional Invesligalinns, Oklahoma anil Kansas," Bull. Am. 
As.ioc. Petrol. Gpo/., VoI. 19 (July, 1935). pp. 918-970. 

1"-F. M. Van 1 uyl and Ren H. Parker, "The 7'ime of Origin and ALcumulaliDn 
of pElroleuni," ihiarterly Colo. School of Mines, Vol. 36 (April, 1911), pp. 161-162. 
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recently. In the loimer ca^e the oil is trapped early in an incipient 
phase of the upfold, and it stayed there during the subsequent periods 
of diastrophisni which served to increase the relief of the anticline. 
Structures that did not have any closure in that much earlier period 
caught no oil. Often cited as an example of a trap formed too late 
to catch oil is the Kelsey dome, a prominent closed structure IB miles 
northwest of the East l exas field and 15 miles cast of the Van field.^*'* 
'riie Kelsey dome has more closure in the surface rocks than the Van 
structure, but it has been tested by five dry holes drilled through the 
VV^ooilbinc formation which is the reservoir rock in both the Van and 
East Texas fields. I'herc is no apparent dillerence between the dry 
Kelsey dome and the producing Van dome in regard to the nature of 
the associated organic rocks wiiich presumably contained the oil 
source materials. A major dilference does exist, however, in regard 
to the structural history of these two domes. The Van dome was a 
closed structure by the end of Woodbine time and has continued to 
be a closed structure to the present. The Kelsey dome, on the other 
hand, did not come into l)eing until the Eocene. It is quite possible 
that the Van dome, by being in existence at an earlier date, trapped 
the oil going Ijy, whereas the Kelsey dome arrived too late to partake 
of this accumulation. 

17 a Alex W. Mrt'.iiy anil \V. Riiss Kevie, “Pieseiu IiiierpreiiiliDns of tlic SlriH' 
liiral Tlieniy Inr Oil ;iiiil (i:i.s Nfi^nuion and AiLuiTnildiioii," rrnbicrns vf Prtrolpurn 
('•rnloffy (Am. Assik:. relnil. (icid., IH'M). p. 302. 



PART III 

PRESENT AND FU I URE 
OIL SUPPLIES 


In this, Lhe concluding section, the distribution 
ol oil and gas deposits by geographic, geolngic, 
and ])oliLical units is considered. Other subjeers 
that aie covered include the reserve .situation 
and a forecast of where future discoveries can be 
anticipated. Last, Part 111 contains a iliscussion 
of how we can get the most out of the hydro¬ 
carbons we possess, and the ])Otentialities in re¬ 
gard to synthetics and substitutes. 




Chapter 9 


DISTRIBUTION OF OIL 
AND GAS FIELDS- 
UNITED STATES 


The introtluctory jihasc of this chapter incliulcs a survey of the 
ilistribuLion of oil and ^as fields from a UTtonii sLand])oiiiL. Hie 
j;cological occurrence of oil is followed by a ^eofrrapliiL stutly in which 
the oil and gas fields are listed by continents, countries, and, within 
the United States, by states. 

In the use of individual fields as exani])les, the writer has necessarily 
been limited to those for which descriptions have been published. 
Because of the natural tendency to "write iij)" the unii|ue and ignore 
the coinmoiiplace, it is impossible to prevent some distortion in the 
surveys of the different areas that make up the bulk of this chapter. 

TEC^TONTC CONTROLS ON THE OCC:URRENCE 
OF OIL AND GAS 

If a world map of oil and gas fields is superimposed ujjon geologic, 
tectonic, and relief majis, certain relationsliijis immediately become 
apparent. As a general rule, the oil and gas fields shun the uplift 
areas and concentrate in the Uownwarped segments of the earth's 
crust. Some of the greatest concentrations of oil and gas fields occur 
along the continental margins. Most of the fielils are to be found in 
belts that are topographically low. This envirmiment is implied in 
the preceding statement regarding the occurrence of fields in coastal 
areas. But even in inland regions and up on plateaus of considerable 
elevation, the topographic prisition of the oil and gas fields tends to 
be low in comparison wdth the surrounding areas. 

Most of the oil and gas fields of the world occur in structural sedi¬ 
mentary basins. Tliis relationship is strikingly displayed in maps 
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published by Weeks ^ showing the sedimentary basins and oil fields 
of each country. Sedimentary basins arc downw^arped areas; most of 
them w'ere subinergcnt through considerable periods of geologic time. 
Furthermore, these basins have been subject to intermittent sinkings, 
and the sediments deposited during such times of depression increase 
markedly in thickness between the edge and center of the basin. 
.Special types of basins are geosyrtclines, which are elongate troughs of 
sedimentation, and embay men Is. Embayments are to be found along 
the continental margins, where tlie oceans in the geologic past have 
lapped up upon the continental borders to a greater extent than at 
the present. This overlap by marine w'aters has been accompanied 
by a downwarping of the inundated areas with a resultant seaward 
thickening nl the sediment deposited, just as has happened in the 
more conventional basins. 

In every example of basin downw^arping, the coastal sinking has 
been accompanied and followed by diastrriphism, wdiich folded and 
faulted the sediments. Usually the diastrophism has been much more 
severe in the geosynclinal basins than in the other types. 

There appear to be three controls on the general distribution of 
oil and gas fields within basin areas. The outer margin of the pro¬ 
ductive area is usually the zone where the cover above the lowest 
reservoir rocks becomes too thin to permit commercial acciinuilatir)ns 
beneath. The reservoirs themselves may crop out toward the rim, 
and Ijcyond the sediinentaries in many basins is outcropping crystal¬ 
line basement rock. In the geosynclines one margin of the producing 
area may be the approximate position of the 70 per cent isocarb; the 
increasing intensity of diastrophism in that direction produced a de¬ 
gree of mctauiorpliism beyond the tolerance limit of the hydrocarbons. 
I'hc third limitation on the distribution of oil fields within a basin is 
brought about by the increasing depth toward the center of the basin, 
which may make the search for, and exploitation of, oil deposits in this 
area uneconomic. How'ever, with increased drilling depths, the area 
of these untested sections has diminished considerably, and in time 
they will disappear entirely. As a matter of fact, in many basins suc¬ 
cessively younger formations became oil-bearing basinw^ard, and so 
even the central area may contain oil and gas deposits within reason¬ 
able depths. 

1 L. ti. Weeks, "Hi^hlifTllls mi inl7 Developments in Foreii'n Pctioleum Ficltis," 
Bull. .Iw. .Issue. Petrol. Geol., Vol. 32 fjiine, 1948). pp. 1093-1100; on 

1948 Develn|)iiieiil5 in Foreign Petroleum Fields," ibid., Vol. 33 (June, 1919), 
pp. 1029-1124. 
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The reasons for oil in ilownwarps are largely obvious.'* Not only 
do such areas contain an adequate thickness of sedimentary rock for 
the occurrence and retention of large deposits of oil and gas but also 
the geological history has been such as virtually to insure that included 
within the thick stratigraphic section will be sediments rich in organic 
material (source rock) and rocks containing adequate porosity and 
permeability to function as reservoirs. Furthermore, as a general rule, 
such dpwmw^arped areas have been relatively quiet diastrophii ally so 
that the oil contained w^ithin has not been destroyed. The presence 
of traps to capture the oil f)n the flanks of sedimentary basins can be 
assumed. It is quite unlikely that sedimentary rock Micas of any size 
exist which do not contain potential oil and gas traps. Inhere have 
been enough movements iif the earth’s crust to insure the presence 
of both structural and varyiiig-peniieability traps. The relative im¬ 
portance of one type over anotlier, and the variety of the tra])s jjresent, 
are depcndenl ujioii the local diastrophic anil sedimentation history. 

Regional uplifts may also play a role in oil accumulation. Some of 
these, such as the La Salle anticline in the Illinois basin and the 
Nemaha granite ridge in the western interior basin, are local uplifts 
within much larger driwmwarps. Occasiiinally oil and gas deposits 
occur on the regional uplifts that lie between downw^arps. Ihese 
positive features are probably not actual areas of uplift but are struc¬ 
turally residual segments that stood still while the surrriiinding crust 
sank. Although erosion has stripped off most, if not all, of the 
sedinieiUary cover across many "uplift” areas, in such ])laces as the 
Central Kansas uplift and the Cincinnati arch, enough of the sedi¬ 
mentary section has remained to jiermit acTumulation of oil and gas. 

TECTONIC CLASSIFICATIONS OF OIL AND GAS FIELD 
DISTRIBUTION. Ver Wiebe ” projjosed a tectonic classiheation for 
the oil fields of the United States in 1929. In this classiheation the 
United States is divided into several "petroliferous provinces,” each of 
which is named after the dominating tectonic element. The petro¬ 
liferous provinces within the United States, as named by Ver Wiebe, 
are the Appalachian gcosyncline, Cincinnati arch. Eastern Interior 
coal basin, Michigan basin, Western Interior coal basin, Ouachita- 

2 Wallace F. Praii. “ni.striljiiiion of PcIrDleum in ihe Earlh’s Crust,” Bull. Atn. 
Assoc. Petrol. Geol., \o\. 2H fOtlolicr, HMI). pp. 1506-150!!: H. ilc Cizaiicourl, 
“Lucalion uf Oil Ficltls in I ecionic Bells," Science of Petroleum (Oxford Univ. 
Press, in3H), Vol. 1, pp. 211-246. 

3 W. A. \’er Wiebu, “I ecionic Class! Fi rat ion of Oil Fields in the United 5tate.s,’’ 
Bull. .-Im. A.isoc. Petrol. Geol., V'ol. 13 (.May, 1929), pp. 409—440; "Oil and Gas in 
ihe United Stales," Science of Petroleum (Oxford Univ. Press, 1938), Vol. 1, pp. 66-95. 
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Amarillo Mountain, Bend arch. Gulf cmbayment, West Texas, Rocky 
Mountain geosyncline, and Pacific geosyncline. Where desirable, the 
jietroliferous provinces can be subdivided into "districts” and named 
after either a secondary tectonic feature or the geographic position. 

Van der Gracht ^ classifies oil fields tectonically into two groups: 
(1) foredeeps of folded mountain belts, and (2) the mobile epiconti¬ 
nental shelf regions which he calls the forelands. 

Prattemphasi/es the great concentratirin of oil and gas that is 
known to occur in three iniercontinental depressions in the earth’s 
crust and calls attention tr) a fourth untested depression similar in 
tectonic setting to the other three. One of these intei c f)ntinental 
depressions is that lying within, and adjacent to, the Gulf of Mexico 
and the Caribbean Sea, between the continents f)f North and South 
America. Here are found the greatest oil deposits of the western 
hemisphere, including ihose in C^olombia, Vene/uela, Trinidad, and 
Mexico as well as the fields of the Gulf Coast of Louisiana and Texas. 
The second tectonically depressed area lies between, and upon con¬ 
tiguous corners of, Afrij a, Europe, and Asia, and indudes the oil fields 
bordering the Red, Mediterranean, Cas|)ian, and Ulack Seas, and the 
Persian Gulf where the Middle East oil deposits are being so at lively 
explored today. The third of Pratt’s intercontinenial troughs indudes 
"the environs of the shallow island-studded seas whir h lie l)etween the 
continents of Asia and Australia in the Tar East.’’ Prodiution has 
been obtained frir a gooil many years from jjarts of this prrjvince 
induiliiig Borneo, Sumatra, Java, and New Guinea. 

The unproved intercontinental depression desiribeil by Pratt is 
the border zone of the landlocked Arctic Sea, surrounding the North 
Pole and lying upon the northern extremities r)f the continents of 
Norjii.;\nierica, Europe, and Asia. This region is destined for much 
exploration in the future. Piatt's intercontinental depressed areas can 
be noted on the hemisphere maps, prepared by AVeeks," showing sedi¬ 
mentary basins (Fig. 220). Various smaller basins lying upon conti¬ 
nental platforms, which are also important sources of oil and gas, 
can be noted on these majjs. Many of the interior basins are, like 
the Arctic basin, still unexplored but are potential sources for hydro¬ 
carbons in the future. 

\V. A. J. M. van Wnlersdinnl van tier Graiiit, "The Gcographiral Disirilnition 
Ilf Pclrolciini,” SriPTirr of Petroleum (Oxford Univ. Press, ID38), Vol. 1, pp. 63-65. 

5 Wallace E. PraM, "Disliiliiiiinn of Petroleum in llie Earth's Crust," Bull. Am. 
Assoc. Petrol. (IroL, Viil. 28 (Ociolici, 194^). pp. 1506-1509. 

n L. G. Weeks, "Higlili|;lits on 1947 Dcvclopnienrs in Foreij^n Petnilcum Fields,” 
Bull. Am. .Issor. Petrol. Geof., Vol. 32 (June, 1940). 
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The sedimenLary basin map (Fig. 81) of North America shows, in 
addition to the petrolilcrous provinces named by Ver Wiebe lor the 
United States, a great basin extending northwestward across the north¬ 
ern Great Plains, Alberta, and Northwest Territory to the Arctic. The 
southeastern end of this large trough is called the Williston Basin. 
Other northern latitude basins occur in the Paleozoic rock area border¬ 
ing the southern end of Hudson Bay, in norihwestern Alaska, in 
northern Alaska, and in the Canadian Arctic archipelago. At the 
present time, only the Alberta-Mackenzic trough is productive, al¬ 
though exploration is active in northern Alaska and some gas has been 
struck. Another potential petroliferous province is in northeastern 
North America in the maritime provinces of Canada. To the Gulf 
embayment province of Ver Wiebe shoidd be added the South Atlantic 
coastal plain, which is a continuation of the same gerjlogic conditions 
to the northeast. Seilimentary basins in North America south of the 
United States boundary include one covering a part of Lower Cali¬ 
fornia, the southward extension of the Gulf (nibayment province into 
Mexico, the Yucatan basin, and various minor basins in Central 
America, in Cuba, and f)n other islands of the Caribbean. 

The oil-producing stales of the United States will be covered fol¬ 
lowing a general east-to-west order across the country. First to be 
considered will be the states lying within the Appalachian geosyncline 
petroliferous province. 

General References. Oil and Gas Journal, Annual Review and 
Forecast number, Vol. 18 (Jan. 19r>0); National Oil Scouts and 
Landmen’s Association, “Oil and Gas field Development in the 
United States,” Yniyhook, 1919 (Review of UMK), Vol. I!) (HHll); 
W. A. Ver Wiebe, Ktyrlh Amrrirnn and Middle East Oil Fields 
(Wichita, Kans., HloO): Ralph Arnold and William J. Kemmitzer, 
Petroleum in the ignited States and Possessions (Harper, 19S1); U. S. 
Geological Survev, “Oil Field Development and Petroleum Geology, 
1940-1944, Summari/ed by States,” Investii^ation of Petroleum Re¬ 
sources, Hearings before a Special Committee Investigating Petroleum 
Resources, United Stales Senate, 79th Congress, First Session, Senate 
Resolution 36 (194.5), pp. 506-531; U. S. Geological Survey, “Pe¬ 
troleum Geology Summarized by States,” Petroleum Investigation, 
Hearings before a Subcommittee of the Committee on Interstate and 
Foreign Cominerce, House of Representatives, 73rd Congress (Recess), 
House Resolution 441 (1934), pp. 910-1071; U. S. Geological Survey, 
Geologic Map of the United States and Oil and Gas Map of the United 



After Weeks (1949) 

I'lr.. HI. Norih AniLTica. Stdimcniary basins (shailiMl). r.rjwi/i-jy American Asso 
rialian of Petroleum (ieologisis. 
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States; Am. Assoc. Petrol. Gcol., Tectonic Map of the United States; 
Max W. Ball, This Fascinating Oil Business (Bobbs-Merrill, Indian¬ 
apolis, Ind., 1940). 


New York ' 

(I'igurcs 82-B4) 

Ihc oil production of New York state is relatively insignificanl, 
only anioiinling to 0.25 per cent of the country’s total each year. 



However, the lield.s are remarkably long-lived, and so New York has 
been a consistent producer of oil for many years. Furthermore, the 

7 jnhii P. Hm iik, Empire Oil fDodd. Mead, New York, 1949); William Lynn 
kreidler, “Oil ami Gas Develojmieni.s in New York diiniifv 1949,” Ain. liisl. Min. 
Mel. Lii^rjiu’ers. 1919 Pmiluciirni .Slalislics, Jour. Petrol. Tech., Vol. 2 (jiinc, 1950), 
pp. 29-30: E. R. MtAiislan, "DevelDpinenis in New York in 1919," Bull. Am. As.soc. 
Petrol. GeoL, Vul. 31 (Jum.-, 1950), pp. 1013-1047. 
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state has ronsiderablc gas production and the demand is so great that 
exploration continues to be active and has met with considerable 
success. 

Even before Colonial times the oil springs of Allegany County were 
exploited by the Indians, and subsequently by the white settlers. 



Shallow gas was struck near Fredonia in 1821 and piped into the local 
hotel. 1'his is the first record of the transjmrtation of natural gas in 
the United States. Fhe first successful oil well was completed at 
Limestone, New York, in 1865. In 1872, drilling to the north ex¬ 
tended the Bradford pool of Pennsylvania across the line into New 
York. Shortly afterwards oil production reached a peak in New York 
and then declined steadily until 1919, w'hen secondary recovery by 
water flooding became legal and production climbed up to a second 
peak. Water Hooding is still actively practiced in the state, and 1743 
wtUs were drilled in 1948 for this purpose. About half of the wells 
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were drilled to be oil producers; the other halt were service (water 
input) wtIIs. As a consequence of the practice of water drive the 
probable oil reserves of New York have been uiore than doubled. 

The Appalachian ^eosyncline extends into western New York state. 
The axis ol the |*eosyncline rises to the north, so that it ran be said 



Fii:. 84. New York iiiilux map. .4, C^allarau^iis Ciniiily; H, Allegany CoiiiUy: C, 
SiL‘iiliL'11 CiuLiiily; D, Ch;niiau(|iia Ciiiiiily; E, Khl* Cuiiiily; E, Oiilaiio Ciriiiiily; G, 
Simula Cnutiiy; 1, Biaiirmrl nil liultl; 2. Rirliliiirf; nil fieltl. 


that western New York c:ontains the "prow” of this f^rcat structural 
trough. 7'he regional dip in western New York is southward at a rate 
of between 30 and 50 feet per mile. J'lie youngest Paleozoic forma¬ 
tions are in western New York along the Pennsylvania line; pre- 
Cambrian rocks are exposed in northern New York. In southwestern 
New York are found the alternating anticlines and synclines with 
axes trending northeast for which western Pennsylvania is famous. 
The subsurface section in this area contains three important hydro¬ 
carbon reservoir rocks. The oil reservoirs are the Bradford and other 
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sands of Upper Devonian age. Gas occurs in considerable volume in 
two older formations, the Oriskany sandstone, of Lower Devonian age, 
and the Medina sandstone, which is Silurian. 

The oil fields of New York stale are confined largely to Cattaraugus 
and Allegany counties, which lie just north of the Pennsylvania line 
in western New York. Most of ihe pools occur along the axis of the 
Hradiord anticline, w'hich crosses the line from I’ennsylvaiiia. Nodes 



Fin. 85. Oriskany .saiiilsioiiL* ^as iiclds. New Vnrk, showing hnih aiitirlinal anil 
“pinchniil" anaiiiiiilalidiis. Cotirlrsy Jnirriaw Assot intion of Prlrofrurn 


along the axis of this anlitlinc arc the Knapp Creek dome just across 
the line in Pennsylvania and the Rithburg dome in Allegany County. 
'Lhe Bradford and the Richburg pools are the largest oil fiehls in 
New York state. Jlie Bradforil sands are lenticular, and so although 
the trapping is largely structural the distribution of oil on the folds is 
controlled to a considerable extent by the subsurface spread of the 
reservoir sands. 

The gas fields of New York state onur in two groups. The larger 
is the group of gas fields south of Lake Ontario extending from 
Chautauqua and Erie counties at the east end of Lake Erie to the 
east end of Lake Ontario. I'he gas w'ells in this large district produce 
from the Medina sandstone in western New’ York, from Niagaran rocks 
in the field lying across the Ontario-Seneca County line, and from the 
Trenton southeast and east of Lake Ontario. The other gas district 
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Pennsylvania 

lies within and lo the east of the oil-produting area in Alleghany 
and Steuben rnunties. The reservoir rock is the Oriskany sandstone 
d 1 Lower Devonian age. This district, wdiith includes both northern 
Pennsylvania and southwestern New York, is relatively new, the first 
of the Oriskany discoveries having been made about 11)30. In the 
following eighteen years 31 })Ools were discovered and developed in 
this area. In southern Allegany and Steuben counties the trapping 
has been structural, caused by doming and thrust faulting along promi¬ 
nent anticlinal axes. To the north, however, the Oriskany sand is 
discontinuous and three pools (Fig. 85) owe their actuimilation to 
the up-dip wedgeout of this reservoir. Still farther to the northeast 
the sand reappears and several pools there have antiiiinal trapping.^ 

Pennsylvania " 

(Figures 86-88) 

Although producing only about 0.66 j)er cent of the domestic nil 
production today, Pennsylvania has had a long and glorious history 
as a petroleum state and is even now j)rodiicing over 11 million 
barrels of high-grade crude oil each year as well as considerable 
i|iiantities of valuable natural gas. Fhe occurrence of seeps in 
Pennsylvania, especially along Oil Creek, central Venango County, 
and the drilling of the discovery well for the Linited States in that 
vicinily in 1859 are ilescribed elsewhere in this volume. From 1859 
to 1895 Pennsylvania led the states in ju*troleum production, but since 
that date it has been surpassed by the states to the westward. Exjdora- 
tion is still active in this area; of the approximately 3300 wells drilled 
ill Pennsylvania in 1918 about one-fourth were wildcat or pool wells 
and the remainder were drilled in the water Hooding program. 

The oil and gas fields of Pennsylvania (Fig. 87) occupy a belt nearly 
200 miles long and from 25 to 125 miles wide, crossing the western side 
of the state. Flie total number of named fields is in excess of 300, of 
which over half are gas fields. The greatest concentration of gas 

H. l iiiii, ■ tiiMiliii'y aiiil Uniinciuc of Naliirjil Cia.s in Orisk.iiiy Sunrlsioiic 
ill rL’niisylviinia anil New Vnrk," HiiU. Am. .'Issue. Petrol. GeoL, Vol. .S.’J (March, 
1919), pjj. 

" G. H. .Ashley, “Hislury ul DL‘VL‘ln|iiiiLMil anil Cicolni^ir RelalionshipK ut Appa¬ 
lachian riclils,'’ Hull. .4m. Assoc. Petrol. Geol., V'nI. 22 (April. 193K), pp. 116-^30; 
Paul D. ^1 Uricv, “Origin, Mi^raLiiiii anil .Acciiitiiilaliun ut l*elrolt!iiiii anil Natural 
Gas in Pennsylvania,” Problems of Petroleum Geolof^ (Am. Assnt;. Petrol. Geol., 
1931), pp. 417^HI; Charles R. Fettke, “DevcIopiTients in Pennsylvania in 1949,” 
Bull. Am. Assoc. Petrol. Geol., V’ol. 34 (June, 1950), pp. 1049-1057. 
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I’ll;. H6. VV'psiern ]*i'iiiis\l\:iiiia. 


M:ijfn Slum lira! featiirus anil ml anil frus fifUls. 



Fir;. 87. I'cnn.sylvania oil anti j^as fields. 
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fields is on the east side ol the petroliferous /one, but many other p;as 
fields arc scattered across the zone to the ivesiward. The eastern pro¬ 
duction limit is approximately the 70 per i cm isocai b for |^as and the 
65 per cent isocarb for oil (Chapter 5). 

The oil and gas deposits of Pennsylvania orcur in the Appalachian 
gcosynclinc, which is a great spoon-shaped trough with a northeast- 



Fu:. 88. rEiiiis\l\iiiii:i iiiili’x .'I, VuiKiii^i) Ciiiiiily; 71, tloiiiilv: ('. IMMier 

Coiiiily; D, Ctmiiiy: II, Wiisliiii^imi (juiiily; t', \Vl^slll 1 l)^l'l;lllll CiMiiily; d, 

Fiiyelle C^niiiilx; II, i.imiL'nrc C'.iniiily; 1, Jlraillonl nil litlil; 2, Music Mi)UiiUiiii oil 
ficlil: 3. Ilcliiiiii ^a.s ficlil: 1. McDDiiiihl oil lirhl. 

southwest trend, plunging to the southwest from the prow in western 
New York state to the decj)cst point, close to the southwestern corner 
of Pennsylvania. Most of the east flank of this trriiigh lies above the 
70 per cent isocarb, owing to greater diaslrophic activity in that direc¬ 
tion. As a consequence the oil and gas fields lie along the axis and 
west Hank of the Appalachian geosyncline. The trough is furrowed 
by a great series of parallel anticlines and synclines which are also 
parallel to the gcosynclinal axis. 

The principal reservoirs in Pennsylvania are sandstones and con¬ 
glomerates. Most belong in cither the Mississippian or Upper De¬ 
vonian systems, although some oil has been obtained from Pennsyl¬ 
vanian rocks in the southwestern part of the state. An impr)rlant gas 
reservoir is the Oriskany sandstone of Lower Devonian age. Altogether 
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more than 70 distinct hydrocarbon reservoirs have been recognized 
and named in Pennsylvania. 

Some oil and gas accumulations in this state are anticlinal, but in 
many the trapping is due to the lenticularity of the reservoir sand. 
The sand bodies tend to be elongate. Some appear to parallel old 
shorelines, but others run normal to the shorelines and probably rep¬ 
resent stream channel fillings, especially in the distributaries of deltas. 
In mr)st fields the lenticularity is due to the deposition of distinct sand 
bodies, but in a few a facies change fn)rn sand to shale has been 
responsible for the trapping. Accumulation in the Venango sand 
jjools of northwestern Pennsylvania is illustrated in Fig. 70 in Chap¬ 
ter B as an example of accumulation in lensing sandstones. 

Pennsylvania’s most notable field, and one of the great oil fields of 
the United States, is the Bradford field,'" which lies mostly in 
Pennsylvania but extends a short distance over the line into western 
New York. 'This field was discovered in 1H71 and since then has 
jjroduced more than half a billion barrels of oil. I'liis field still 
accounts for the greater part of Pennsylvania’s annual oil output, even 
after nearly 80 years of toiuiiuioiis product ion. In terms of current 
oil-field discoveries, the Bradbird pool is shallow, with the reservoirs 
lying at depths ranging from 1000 to 1700 feet. I bis pool reached its 
peak in 1881 with a prodiu tion of nearly 23 million barrels, which was 
H'5 per cent of the crninlry’s entire out|)ut for that year. In 1800 the 
operators had discovered that water breaking through rusted casing 
in abandoned wells was reaching the oil sand and increasing the yield 
of ailjacent oil wells. 4 he Bradford jjiudiiction readieil a low point 
in lOOfi, with only 2 niillion barrels. Subse(|uently the r)utput slowly 
increased as the result of the operation t)f illegal water Hooding. In 
1921 water flooding was legalized by the state legislature, and by 19.37 
the ])roduction had risen to nearly 17 million barrels for a second peak 
in the production curve for this lield. This great record can be 
explained by the geological situation. Unlike most Pennsylvania 
reservoir rocks, the Bradford sand is relatively widespread and to 
90 feet in thickness. 'Fhe sand body carries across the large Bradford 
anticline, and accumulation is mainly anticlinal (Fig. 89). 

One of the newer oil discoveries in Pennsylvania is the Music Moun¬ 
tain pool," which was opened in 1937. Although this pool lies on 
the southwest flank of the Bradford anticline the accumulation is due 

lu Ch.'irlrs R. Fellkc. “'rhe niaiirortl Oil Fielrl, Pennsylvania and New York,” 
Penn. Grol. Sun>ey, tourlh Series, BnU. M 21 

Charles R. Feuke, "Music Moiiniaiii Oil Puol, McKean Coiiniy, Pennsylvania," 
SWati^rttphir Type Oii Fields (Am. Assoc. Petrol. Geol., 1941), pp. 492-506. 



Pennsylvania 



AJUrFettkiU934i | 

Kii;. H9. Bradford field, Pciinsylvaiiia-New York. Rclalionship bclwecn struclure 
' and acciiinulaiiDn. Courtesy Pennsylvania Geological Sun/ey. 
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entirely to varying permeability. The reservoir rock is an Upper 
Devonian sandstone which occurs in a shoestring lens, "probably the 
remains of an ancient oftshore bar/’ about 4 miles long, 800 to 2000 
feet wide, and with an average thickness of 35 feet. 

Second only to Bradford in production is the McDonald field of 
Allegheny and Washington counties, which, with three adjacent fields, 
forms a producing area 15 miles long by 1 to 4 miles wide.^-^ The field, 
discovered in 1891, contains two wells which had initial productions 
estimated to be close to 15,000 barrels per day. The principal reser¬ 
voirs are the Conewango sands of Upper Devonian age, elongate 
lenticular bodies trending northeast-southwest, which were probably 
originally deposited as offshore bars and irregular sheetlike sands. 
Trapping is due primarily to the lenticularity of the sands. 

The gas reservoirs of western Pennsylvania are divided into two 
classes, the shallow and the deep sand fields. The shallow sand fields 
produce from the Upper Devonian and younger reservoir rocks, and 
the deej) sand fields produce from the Oriskany of early Devonian age, 
and to a slight extent from the overlying Onondaga chert. The deep 
sand production started in 1930 after discoveries in Tioga and Potter 
counties to the east of the Bradford field, and new gas finds are still 
being made in that area as well as to the north across the New York 
state line and to the southwest across western Pennsylvania. 'Typical 
of the Oriskany accumulalions in Pennsylvania is the Hebron gas 
field,^‘‘ wdiich lies 35 miles southeast of Bradford. The Oriskany sand¬ 
stone is laterally continuous in this area, and the trapping is anti¬ 
clinal. The Hebron anticline extends aiross nortliern Pennsylvania 
and southwestern New York for 75 miles or more. The Hebron gas 
field occupies a local swelling on this anticline. It has a closure of 
250 feet and a structural relief of 1500 feet. The structure is an elon¬ 
gate ellipse in plan; the field is 12 miles long at the top of the fold 
and P/4 miles wide across the anticlinal axis. In soiithwTstern Penn¬ 
sylvania in Westmoreland and Fayette counties are three gas fields in 
which the trapping is likewise anticlinal, but most of the accumula¬ 
tion has taken place not in the Oriskany sandstone but in the overlying 
deformed and fractured Onondaga chert." 

A. 1. Ingham. "Gcnlngy of McDonald and Adjacent Oil Fields, Allegheny and 
Washin^Lon Cunnlics. reiinsylvania," (Absliaci) Am. Assoc. l*Elrol. Cieul., Vol. 32 
(NDvend)L*r, 19IH), pp. 2153-2134. 

IS Inlin R. Reeves, “Hebron Gas Field, Potter Coiiniy, Pennsylvania," Jinll. Am. 
Assoc. PelroL Ceol., Vol. 20 (August. 1936). pp. 1019-1027. 

1* rciiton H. Finn, “Geology and Occurrence oE Natural Gas in the Oriskany 
Sandstone in Pennsylvania and New York,” BuU. .4m. Assoc. Petrol. Geo/., Vol. 33 
(March, 1949), pp. 303-335. 
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West Virginia 

(Figures 90-92) 

West Virginia is an important gas-producing state, but its oil pro¬ 
duction amounts to only about 0.16 per cent of the country’s annual 



Fin. 90. Wesi Major slnicliiral rcaliires and oil and gas fields. 


total, or half that of New York. This state is only slightly younger 
than Pennsylvania as a producer of petroleum. Both gas and oil 
were struck during the drilling of salt wells in West Virginia in the 

15 ). E. Billingsley. ‘'Occiincnees ot Oil and Gas in Wcsl Virginia. EasLcrn Ohio, 
and Eastern KeiiUitky.” Problems of Petroleum Geology f.Am. Assoc. Fcirol. Ceol.. 
1934). pp. 4B5-514; James D. Sislcr and R, C. Tucker, "Natural Gas in West 
Virginia," Geology of Natural Gas (Am. Assoc. Petrol. Geol., 1935), pp. 9R9-996: 
R. C. Tucker, “Developments in West Virginia in 1949," Bull. Am. Assoc. Petrol. 
Geol., Vol. 34 (June, 1950). pp. 1063-1065. 
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latter part of the eighteenth century and the first half of the nineteenth 
century, and one enterprising salt producer began using gas to fire 
his furnaces in 1841. I’hc first well drilled for the purpose of obtain¬ 
ing oil was started shortly after the completion of the Drake well and 
became a producer in early 1860 at a depth of 303 feet. In 1899 West 



Virginia surpassed Pennsylvania in oil output but did not remain 
ahead for long. During 1948 more wells were abandoned than were 
drilled. However, exploratory activity has not ceased; the large Sisson- 
ville gas field, producing from the Oriskany sand, was discovered in 
1937, and a Berea sand oil pool was discovered in Jackson County in 
1947. 

The Appalachian geosyncline petroliferous province crosses from 
southwestern Pennsylvania into West Virginia and continues in a 
southwesterly direction, covering a path from 40 to 70 miles wide. 
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arruss the western end of the slate and into Kentucky. Along the 
northwest edge the oil and gas field belt overlaps the southeastern 
corner of Ohio. The decjjest part of the Appalachian trough is in 
northern West Virginia, adjacent to the southwestern corner of Penn- 



l ii;. 02. Wl-si imlix iii;i|i. .1, JaLkscui C'.uiiiiLy; /t. k;iii:i\vli;i Criiiniy; 1, 

Uiiiiiin^ .S|jriii^.s nil iieltl: 2, SissiiiivillL' ;;;is liclil; ti:iy-.S|>L*iiLLT-Rich;iiilsiiii nil 
liilil; 4, Sliinnsioii oil fidfl; .f). IIIlil- Cm-k liL-lil; 0, Caniiibell’s Crcck-ltoone County 
^as riL'Ul: 7, C>.il)iii tacL'k nil field. 

sylvania. In this area occur Permian lonnations which are the young¬ 
est rocks to be found in the Appalachian province. The subsurface 
section contains reservoir rocks of Pennsylvanian, Mississippian, and 
Devonian age. The most important of these are sands in the Pennsyl¬ 
vanian Conemaugh and Pottsville sections, which are productive in 
the northw'estern part of the state, the Greenbrier limestone, Big Injun, 
Weir, and Berea sandstones of Mississippian age, various discontinuous 
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sands in the Catskill and Chemung of Upper Devonian age, and the 
Lower Devonian Oriskany sandstone. 

The trapping of oil and gas in West Virginia has been due in some 
instances to the presence of pronounced anticlines and widespread 
porosity in the reservoir rocks, and in others to varying permeability 
caused by the lenticularity of the oil and gas sands. Anticlinal accuinu- 
lalion is best illustrated by the Burning Springs (Volcano) anticline 
(so named because of a gas seep), which occupies parts of four counties 
in northwestern West Virginia. This fold is 2 j miles long and asym¬ 
metrical, with dips on the flanks ranging from 20° to 00°. Unlike 
most flexures in the Appalachian geosyncline this one does not parallel 
the geosynclinal axis but runs due north and south, cutting across 
the “grain” of the larger feature. Although miuh of the area covered 
by the Burning Sjirings anticline is unproducti\e owning in the tight 
nature of the sands, a large number of successful oil wells have been 
drilled close to the top of the anticline, most of them immediately 
to the west of the axis. I'he discovery well for West Virginia was 
drilled here, and in this general area the gravitational (originally 
referred to as the anticlinal) theory was first applied in the successful 
search for new oil and gas fields. 

The Cabin Creek field,20 miles southeast of Charleston, illustrates 
the trap|)ing of oil on a monocline due to the wedging-out of the 
reservoir sand in all directions. The reservoir rock, a Berea sandstone 
lens, is a typical shoestring, 12 miles long by ]A to 2 miles wide. It lies 
parallel to a nearby synclinal axis. No water is presenl; oil occupies 
the down-dip eilge of the sand body, and gas the upper edge. Another 
Berea shoestring is the Spencer-Richardson-Bcc Run Yellow Creek oil 
and gas trend,a discontinuous sand body extending for 60 miles in 
a northeast-southwest direction in northwest West Virginia. I’hc 
Shinnston oil pool to the northeast produces from a much less 
elongate lens of Upper Devonian sand. However, this sand is like¬ 
wise water-free, and it occupies a monoclinal slope with gas concen¬ 
trated along the up-dip edge. The so-called "synclinal pools” of West 
Virginia are illustrated (Fig. 50) and discussed in Chapter 8. 

'Fhe largest concentration of gas fields in West Virginia is in Jackson 
and Kanawha counties, where wells scattered over 193,000 acres are 

• » rhciDii \Vas.<inn and l.saliel B. Wasson, "Cabin Creek Field, West Vir^^inia," 
Bn//. .Jfii. Petrol. Gcol., Vol. It (July, IflliT). pp. 705-719. 

F.. T. Heck, "Gay-.Spencer-Richard.soii Oil and Gas Trend, Jackson, Roane, and 
Calbniin C.ininlies, West Virginia,” S t rati graph ir T\pe Oil Fields (Am. Assne. Petrol. 
Gc<il.. 1911). pp. 805-829. 

David B. Reger, "Sliinnslon Oil Pool, Harrison Coiinfv. West Virginia,” ibid., 
pp. 930-81G. 
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producing front the Oriskany sandstone.^” 7 he main pool, the Jackson 
Counly-Sissonville field, is 37 miles long and ranges in width from 
2 to 15 miles. The eastern boundary of this field is the water line 
below the gas, and the western and southern boundaries are formed 
cither by the sand pinching out or changing in facies to a rock of 
inadequate permeability. However, ttvo of the sinallcr pools in this 
district, the Campbells Creek-Boone County and the Blue Creek, lie 
on the Warfield anticline, and structure is primarily responsible for 
accumulation. 


Virginia 
(Figure 93) 

Although the east flank of the Appalachian gcosyncline occupies 
the western edge of Virginia, the Paleozoic sediments are highly folded 
and faulted and the carbon ratio is alrno.i everywhere above what 
is usually considered the upper limit for kydrocarbons. Nonetheless, 
the state does have some gas, and one oil pool has been discovered. 

The oldest hydrocarbon-producing area is the small Early Grove 
gas field near Bristol along the Scolt-Washington County line and 
about 4 miles north of the 'rcnnessee line. Gas has been discovered 
ill Buchanan County in the "pocket” between Kentucky and West 
Virginia,-- and the discovery of gas in Rockingham County in northern 
Virginia has also been reported. 

Hie discovery, and so far only, oil field in Virginia is the Rose Hill 
field in Lee County. This is the only oil field in the much-disturbed 
rocks of the Appalachian Valley of the eastern United Slates. Sub- 
stanlial oil seepages which have been known lor many years led to 
the original drilling in the Rose Hill area. The discovery well was 

A. H. Mi:Cl:iin, ‘‘Strati^rnphic Airiimiihiiinn in |iii:ks()ii-K:iii:iwli:i Cuiiniius 
Area of West Virginia,” Bull. Am. Assoc. Petrol, (ieol., Vol. .'I.’l (March, lOIS). 
pp. 3.^r)-3iri. 

2n William M. McGill, “Exploralion.s fnr Nalural Ga.s anil Pclinlcum in Virginia,” 
Trans. Am. Inst. Min. Met. Iinfrineers (srparaLc, 1917?). 

-1 I*aul Averin, “The Early Grnve Ga.s Ficlil, .SriUl anil Wasliingtim Crninlics, 
\'irgiiiia,” Virfrinia Grnl. Suroey, Bull. .*i6 (1!)41). 

-2 Hnllis G. Richards, "DEvelopiTienis in Allanlic Ciraslal SlatES hclwcen New 
Jo scy and North Carolina in 194H,” Bull. Arn. Assoc. Petrol. GeoL, Vnl. 33 (June, 
194.9)' p. 1011. 

23 Paul H. Price, "DiscDvery of fia.s in Rnckingham County, Virginia,” Bull. Am. 
Assoc. Petrol. Geol., Vol. 20 (Fchriiary. 1942), p. 27.'5. 

24 Ralph L. Miller, "Rose Hill Oil Field, Lee County, Virginia," Structure of 
Txpical American Oil Fields (Am. As-sne. Petrol. Geol., iDifl), Vol. 3, pp. 4.92—479; 
Philip lenkiii.s, "Current Drilling Evokes Intcrc.st in Virginia's Only Producing Oil 
Field,” Oil and Gas Jour., Vol. 47 (Aug. 19, 1918), pp. 72-74. 
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completed in 1942. The reservoir rock is Trenton (Ordovician) lime¬ 
stone, which lies at depths of 1000 to 1500 feet. The Trenton forma¬ 
tion is not greatly disturbed but has been ovcrthrust by younger 
Paleozoic rocks for a distance of several miles. The discovery and 
other early wells in the field were drilled in a fenster (“window”) 
where erosion has cut through ihc overriding block and exposed the 
stationary block beneath. Accumulation appears to be in fractures 
in the brittle IVenton limestone and adjacent beds. By July, 194B, 



I'lc;. .n.S. iiiilcx iii.np. A, Wasliiii^ion r'.imiiiy; B, Rurlimian County; C, 

Luc (aiuiity; I), Rnikinnliaiii C’luiiily; 1, Rose Mill oil Fiulrl; 2. Larly Grove gas fiuUl. 


forty-four wells had been drilled, biu only twenty-two were ever pro¬ 
ducers and eight of these had been abandoned. All the currently 
productive wells are in either the Four-Mile fenster in which the 
original discovery was made or in the Martins Creek fenster, 2 to 3 
miles distant. Production during 1948 was about 200 barrels a day 
from the entire field. 

Maryland 

Maryland joined the list of hydrocarbon-producing states in 1949 
when a successful gas well was drilled in Garrett County near the 
western edge of the “panhandle.” The reservoir is a Devonian chert 
lying at a depth of 4450 fect.-'^ 

Hoiluc (■. Rirlianls. ‘'I)uvl'1ii|iiiil'ii1s in Aihiiuiu Goa.sLal Siuius BcOvueii Nuu 
|tM.sfy anil North Carolina in 1919," Bull. Am. Petrol. Ccr;/., Vol. 34 (June, 

iuriO). p. 1221. 
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Kentucky 

(Figures 94-96) 

Currently Kentucky is producing about 0.5 per cent of the annual 
domestic output. Oil was first discovered by design in this state in 
1860 and natural gas in 1889; however, oil Ironi a brine well in Cum¬ 
berland County was bouled and sold for medicinal pur|)oses as early 
as 18-^9. Oil seepages are t]uite common, esj)ecially in the sDuthevn 



and eastern parts of the state. The first production j)eak was reached 
in 1921, after which the output declined until the Illinois basin de¬ 
velopment spread into western Kentucky and then the Kentucky 
production climbed again to a new and higher peak in lO-lfi. Kentucky 
is divided geologically by the axis of the Cincinnati arch which crosses 
the state from north to south at its widest part. In northern Kentucky 
the axis of the arch rises over the large Jessamine dome, and at the 
south edge of the state the arch rises again toward the summit of the 
Nashville dome of central Tennessee. The intervening sag in south 
central Kentucky is known as the Cumberland saddle. To the easl 
of the Cincinnati arch is the continuation of the Appalachian geo- 
syncline, which enters northeastern Kentucky from southwestern West 

20 Daniel J. Junes, "Events Leading to Secondary Recovery in Kentucky,” Reprint 
From Bull. Appal. Geol. Soc., Vol. 1 (1949); E. Boyne Wood, "Oil and Gas Develop¬ 
ments in Kentucky in 1949," Bull. Am. Assoc. Petrol. Geol., Vol. 34 (June, 1950), 
pp. 1066-1072. 
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Virginia. This area is known as the eastern Kentucky coal basin. 
The stratigraphy is similar to that in the geosyncline to the northeast 
and the folds are the same characteristic elongate parallel anticlines 
and synclincs. The eastern Kentucky coal basin is crossed from east 
to west by the Irvine-Paint Creek fault zone. 

West of the Cincinnati arch is the western Kentucky coal basin, 
which is a continuation of the Eastern Interior coal basin of Illinois 
and Indiana. Western Kentucky contains the south rim of this regional 



basin. It is also crossed by an cast-west fault /one known on this side 
of the arch as the Shawneetown-Rough Creek. The oldest exposed 
Paleozoic rocks in Kentucky crop out in the center ol the Jessamine 
dome, and the youngest rocks occur in the centers of the two coal 
basins. 

The oil and gas fields of Kentucky fall naturally into three districts, 
each one belonging to a different tectonic province. The fields of 
eastern Kentucky belong to the Appalachian province and are a 
continuation of similar accumulations occurring in West Virginia, 
Pennsylvania, and New York. The oil fields in the south central part 
of the state lie in two distinct groups, one on the west side of the 
Cincinnati arch axis, where it plunges down to make the Cumberland 
saddle, and the other on the east side. The western Kentucky fields 
belong geologically with those of the Illinois basin. 

The oil and gas fields of eastern Kentucky produce from sandstone, 
limestone, and shale reservoir rocks ranging in age from lower Penn- 
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sylvanian to Ordovician. Important reservoirs are porous dolomites 
of Devonian and Silurian age; sandstones of Mississippian age contain 
oil in the extreme eastern part of this district, and gas has been 
discovered in fair quantity in the Ordovician St. Peter sandstone in 
the eastern part. As in other areas of the Appalachian geosyncline 
some accumulations are due to anticlinal structure and others to 



Fig. !)6. KciiUiiky intlex map. .4, Esiill Cminiy; B, Lee County; C, CliiilDn Cniinty; 
n, Cumliciliiiid County; 1. Blji, Siiikini; nil field; 2. 1 iiniacc f?as field; 3, Powell’s 
Lake nil field; 4, Hilesvillc nil iiclil. 


varying permeability. One example of an eastern Kentucky oil field 
is the Big Sinking field in Lee County. It lies about 5 miles south 
of the Irvinc-Paint Creek fault zone, but apparently there is little 
relationship between the faulting and the occurrence of oil. The 
reservoir rock at Big Sinking is Niagaran (Silurian) dolomite, which 
has several zones of high porosity, owing to exposure at the surface in 
pre-Hamilton (Devonian) time. Trapping has been due to the tilting 
and truncation of the Niagaran dolomites with subsequent overlap 
and sealing by Devonian shale. According to Billingsley,'*'** accumula¬ 
tion in the Irvine and Lee counties oil fields has been made possible 
by the scaling of sandstone and dolomilic reservoirs by up-dip wedg- 

■i7 Louise Barton Freeman, "Big Sinking Field. Lee Counly, Kentucky." Strati¬ 
graphic Type Oil Fields (Am. Assoc. Petrol. Geol. 1941), pp. 166-207. 

2SJ. E Billingsley, "Occurrence ot Oil and Gas in West Virginia, Eastern Ohio 
and Eastern Kentucky." Problems of Petroleum Geology (Am. Assoc. Petrol GcoL, 
1934). p. 509. 
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ing. The eastern Kentucky gas fields occur both interspersed among 
the oil fields and in isolated accumulations to the east of the oil¬ 
bearing rocks, 'rile gas is trapped in the structurally high areas where 
the reservoir rocks contain adequate porosity. The recently discov¬ 
ered Furnace field of Powell Ctmnty has some large gas wells which 
produce from the St. Peter sandstone. This gas runs 42 per cent 
carbon dioxide. 

The greater part of the production in south central Kentucky has 
come from the west side of the Cumberland saddle, but most of the 
current output is from the east side. The reservoirs range in age 
from Devfjiiian to Ordovician, and carbonate rocks predominate. The 
most prolific reservoir is the so-called "Cornifcrous” limestone of 
Silurian age. Oil was recently discovered in the Knox dolomite of 
Cambro-Ordovician age by two wells drilled in Clinton Ctninty nn the 
east side of the Cumberland saddle. These wells are small, but further 
exploration may uncover greater yields from this formation. 

'Fhe western Kentucky accumulations are in Pennsylvanian sand¬ 
stones and Mississippian sandstones and limestones just as they are 
to the northwest in southwestern Indiana and southeastern Illinois. 
The Powell’s Lake field in Union County, northwestern Kentucky, 
produces from two reservoirs, one a Pennsylvanian saiulstone in which 
the trapping is due to the lenticularity of the rock, and the other a 
Mississippian limestone with anticlinal accumulation. Many of the 
wells which happen to be located above the lenticular Pennsylvanian 
sand and high enough on the Mississippian structure to be above 
water level are conipleied in both formations as producers. The Hites- 
ville field, a McCloskey (Mississippian) limestone producer, which is 
also in Union County in w^estern Kentucky, is described in some detail 
in Chapter 8 (Fig. 47) as an example of accumulation in the dome 
type of anticline. 

Tennessee 
(Figure 97) 

The production of oil in Tennessee is insignificant. This state was 
in the oil output column from 1860 to 1907, and it resumed produc¬ 
tion in 1916, but only in relatively minor amounts. A mild flurry 
was caused in 1948 by the discovery and development of two small 

20 W. I. Ingham, “Pd^veH’s Laks Oil Field. Kentucky," Bull. Am. Assoc. Petrol. 
GeoL, Vol. 32 (|anuary, 1948), pp. 34-51. 

30 H. C. Milh mis, "Oil and Gas Developments in Tennessee in 1949," Bull. Am. 
Assoc. Petrol. Gcol., Vol. 34 (June. 1950), pp. 1073-1077. 
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fields, one producing from the Ordovician Stones River fornialion and 
the other from the Cambro-Ordovician Knox dolomite. As a result 
more footage was drilled during 1948 than in any previous year. 

The geology of Tennessee is dominated by the Nashville dome, a 
large node near the southern end of the exposed part of the Cincinnati 
arch. To the north the arch axis plunges downward to form the 
Cumberland saddle of southern Kentucky. On the cast edge of the 
state is the Tennessee Valley, consisting of highly folded and faulted 
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[■'in. n?. Tennessee iiiilex map. A, Clay Cniinly; B, Feiilress Coiiiily; C, Sriill 
Coiiniy; 1), Morf^an County; E, Pickeii Cloiiiiiy. 


Ordovician and older rocks. The west side of the state is veneered 
by Cretaceous and tertiary sediments of ihc Gulf einiiayment, an 
area that has been described as having some pen oleum possibilities.^' 

The oil anti gas fields of Tennessee are ctinfined to four or five 
counties close to the Kentucky line on the east side of the Cumber¬ 
land saddle. This area is a continuation of the eastern Cumberland 
saddle district of Kentucky. The older fields of northern Tennessee 
produce from Mississippian and Ordovician limestones. The Stones 
River discovery was in Clay County, and the Knox dolomite discovery 
in Pickett County. In Scott, Morgan, and Fentress counties on the 
eastern side of the district are some commercial gas fields. Accumu¬ 
lation in T ennessee appears to be due partly to varying permeability 
within the reservoir rocks but mainly to the presence of small folds. 

31 Carl A. Moritz, "Oil and Gas Possibilities of Soulhsvcstern Tennessee," World 
Oil, Vol. IZH (May, 104H), pp. 100-170. 
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Ohio 

(Figures 9B-100) 

The production in Ohio, which was at one time the foremost oil- 
producing state in the union, has dwindled both actually and rela¬ 
tively to such an extent that in recent years this state has produced 



Tun. 9H. lnili:iii:i iiiul Ohin. Arrli axes anil nil liehls proiUicin^ from dolnmitizcd 

Trciilun liincsloiiE. 


but 0.2 per cent of the country's total. Oil was at first produced 
commercially in 1860 in Washington County in the southeastern cor¬ 
ner of the state. The discovery of gas in what soon became the great 
Lima-lndiana oil and gas field in northwestern Ohio took place in 
1884. The Ohio part of this field reached maximum production in 
1896, when the Trenton (Ordovician) reservoir rock yielded over 20 
million barrels of oil. The third discovery in Ohio was that of the 

82 Orton C. Dunn, Jr., "PeiroliferDUS Formations in SnuLlicastern Ohio,” Oil and 
Gas Jour., Vol. -17 (Feb. 24, 1949), pp. 131-138; R. L. Alkire, "Oil and Gas Develop- 
mcnls in Ohio during 1940." Am. lii.st. Min. Met. En|Ti,iEers, 1949 Production 
Statistics, Jour, Petrol. Tech., Vol. 2 (June, 1950), pp. 59-64; R. L. Alkire and 
W. N. Tipka. "Developments in Ohio in 1949," Bull. Am, Assoc. Petrol Geol 
Vol. 34 (June, 1950), pp. 1058-1062. 
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Clinton gas fi6ld, in 1887. In recent years the most active exploration 
has again been in eastern Ohio, where the Clinton sand has been 
the principal objective, with the Berea ranking second in importance. 
Some new oil and considerable new gas have resulted from this 
exploration activity. 



Fic. 99. Ohio. Oil nnd nehls. 

Structurally the greater part of Ohio lies on the west limb of the 
Appalachian geosyncline. I'he structurally deepest rocks are in the 
southeastern corner of the state which is closest to the axis of the 
Appalachian trough. From this area the strata rise to the north and 
especially to the west toward the axis of the Findlay arch, the right- 
hand fork of the Cincinnati arch, which crosses western Ohio from 
south to north. In northern Ohio the Findlay arch turns northeast 
and forms the backbone of the southwestern Ontario peninsula. 
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The oil fields of Ohio can be divided into two groups. In the east¬ 
ern half of the state the accumulations are connected w4th the Appa¬ 
lachian geosyncline, and the fields belong geologically with those of 
Pennsylvania and West Virginia. However, there are obvious dif- 



I’li;. 100. Oliiti imlfx iiinp. A, Wasliin^ton Coiiiiiy; B, Ciiyahn^a CoiiiUy; C, (>allia 
Ciniiiiiy; I), ('.iiluiiiliiaiia Cuiiiily; 1 , Ijina-lniliaiia uil (ickl; 2 , CliiiLuii gas field; 'A, 

Mayrield gas field. 


ferences between the local structures on the west limb of the geosyn¬ 
cline and those in the axial zone. In the latter area the strata are 
folded into proniiiient parallel anticlines and synclines, whereas in 
eastern Ohio outside of Columbiana County anticlines are few and are 
mostly of the plunging type with a southeast trend. The accumula¬ 
tions of oil and gas in the western third of Ohio occur along the high¬ 
est parts and down the west flank of the Findlay arch. 
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There is considerable difference between the reservoir rocks of east¬ 
ern and western Ohio. In southeastern Ohio the same general series 
of Pennsylvanian and upper Mississippian sandstones which are pro¬ 
ductive in adjacent West Virginia are the reservoirs. The older and 
deeply buried formations rise toward the northwest and reach reason¬ 
able drilling depths in other parts of eastern Ohio, where some have 
been found to carry hydrocarbons. The most important of these older 
reservoirs arc the Mississippian Berea sandstone, the Oriskany sand¬ 
stone at the base of the Devonian, the Newinirg "sand,” wdiich is in 
reality porous dolomite, lying within or immediately abf)ve the Niag- 
aran group of Silurian age, and the “Clinton” sandstone, which is 
actually Medina (low^er Silurian) in age. The western Ohio pools 
on the Findlay arch produce chiefly frriiii the Trenton formation of 
Ordovician age. 

Trapping in eastern Ohio is due largely to the iip-dip wedging-out 
of reservoir sands on the flank of the eastward dipping monocline. 
Most of the Oriskany gas fields, for example, whiih are confined by 
the distribution of the Oriskany to eastern and northeastern Ohio, 
occur along the west boundary of the sandstone w'here it wedges out 
up-dip.^^ In only two small gas fields so far discovered in this state 
in the Oriskany has accumulation been anticlinal.’’’'^ The elongate 
Clinton gas field which extends from Lawrence County in southern 
Ohio northward to I.ake Erie in Cuyahoga County owes its existence 
to the up-dip shaling of the Medina reservoir rock. Fhe acciimula- 
lion in the Clinton gas field was discussed in some detail in Chajiter H. 
In recent years a number of extensions and some new pools have been 
found in the Clinton sand to the cast of the main north-south belt. 
Quite different is the accumulation in the Mayfield pool which pro¬ 
duces gas from the Newburg porous dolomite of Niagaran (Silurian) 
age. This large gas field, ivhich was discovered in 11)38 and whith lies 
only Ifi miles to the east of the center of Cleveland, owes its existence 
to the presence of a broad structural dome.’'" 

33 E. V. O’Rourke, “l.cnsing Sniiil.s of Oliio,” Strafif'rnphir Typv Oil l ields (Am. 
Assoc. Petrol. Ceol., 1911). pp. 382-’J8.'j. 

34 Fenton H. Finn. ‘‘Geology and Occurrence of Naiiiial Gas in Oriskany Sand- 
slone in Peiinsvlvaiiia and New Y^ork," Bull. Am. Assoc. Patrol. Gaol., Vol. 33 
(March, 1949), Fig. 2. pp. 308-309. 

33 J. R. Lncketl, “Oriskany Sand in Ohio,” Am. Assoc. Petrol. GeoL, Vol. 32 
(Noveinlicr, 1918), pp. 2154-2159. 

33 Howard E. Rolhrock, “Mayfield Pool, Cuyahoga Cniinly. Ohio,'' Bull. Am. 
.I.5JDC. Petrol. GeoL. Vol. 33 (Oriolicr. 1919). pp. 1731-1716. 



358 


Oil and Gas Fields—United States 


The Trenton production in the Linia-Indiana district is due entirely 
to irregularly distributed dolomitization porosity. The map (Fig. 



After Carman and Stout {1934) 

Fin. 101. Lima-Iniliuna field. 


101) of the Lima-Indiana oil and gas district shows that the hydro- 
carbiuis have arcuniulated along a broad belt extending from the top 
of the Kankakee arch in eastern Indiana northeastward into north- 
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western Ohio, crossinj^ the axis ol the F'iiKllay arrh and continuing 
some distance down the east dank/*' The chaiacier oI doloniiti/aiion 
porosity was discussed in Chapter 7 anti its ajjplicalion to the trap¬ 
ping of oil in Chapter B. Carman and Stout have noted a very 
close correlation between magnesium toiuenl and oil production. No 
oil is found in the Trenton in this area unless the magnesium car¬ 
bonate content is at least 20 per cent, and the best prodiii tion occurs 
where the rock is a true dolomite. Most of the oil anil gas in the 
Lima-lndiana district are found in the uppermost 20 to 30 feet of the 
dolomiti/ed Trenton limestone. Northwestern Ohio has produced 
about three-fourths (7.5 per cent) ol the total oil prrMliiction of this 
district, and eastern Indiana the remainder. 

Indiana 

(Figures OB, 102-10.3) 

The recent annual production in Indiana has been in the neighbor¬ 
hood of 0..5 per cent of the country’s total, placing this stale in the 
same general category as KentLu:ky and Montana. Oil was discovered 
on the Indiana side of the Ohio-lndiana boundary in the T renton 
dolomite in 1880, three years after the initial discovery of the Lima- 
lndiana district in northwestern Ohio. In the same year the first 
cnminercial well was completed in southwestern Indiana near T erre 
Haute. The state reached its production peak in 11)0.5, after which 
the Trenton pools began to decline. T he soutlnvestern Indiana oil 
district, wdiich heretofore lead never produced any significant volume 
of oil, has been the scene of ccmsiderable activity since 11)37, when 
the Illinois basin “boom” got under way. In the first decade of this 
new development 75 oil pools were discovered in southwestern Indiana, 
and new fields are still being discovered in this jjart of the state. As 
a result a second peak in production was reached in Ill'll 1), the greatest 
since the Trenton peak of 11105. It is interesting to note lhat there is 
still some successful probing of the Trenton reservoir in northeastern 

37 J. Ernest Caiiiiaii and Wilber .Stniii, “Relacionship of Arciiiiuilalion of Oil 
to Structure and rornsiiy in ihe Lirna-liidiana licld,” Problems of Petroleum 
Geology (Am. As.sdc. Pcirtil. Ciciil., in.Sl), l‘ig. 1, p- .'*22. 

3BJ. Ernc.sl Carman and Wilfier .Stoiil, op. cil.., p. .'J2K. 

3» R. E. Esarey and B. E. Brooks, "Oil and f.as DevelopmenCs in Iniliana diirinf; 
1949," Am. Inst. Min. Mel. Engineers, 1919 Prodiirtinn Stalislics, Jour. Petrol. Teih., 
Vol. 2 (May. I9.''i0). pp. 1-13: Alfred H. Bril and R. E. Esarey. “Developments in 
Illinois and Indiana in 1949," Bull. Am. Assoc. Petrol. Geol., Vol. 34 (June, 19.50), 
pp. 107H-10H9. 
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Fig. 102- Indiana. Oil and gas fidds. 
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Indiana. A few small producers are drilled each year in that area, 
but the annual production has been insignificant for many years. 

rhe regir)nal geology of Indiana is dominated by the Cincinnati 
arch and its northwest prong, the Kankakee arch. I'he strata dip to 
the southwest Irrim the axis of the Kankakee arch into the Eastern 
Interior coal basin, which reaches its lowest point in southern Illinois 
not far west of ihe Indiana boundary. The basin is interrupted in 
eastern Illinois by the l.a Salle anticline, and the southwestern Indiana 
oil fields are largely concentrated in the “pocket” between Illinois 
and Kentucky where the axis of the anticline would cross the corner 
of Indiana if it continued this far south. However, at its southern 
end the La Salle anticline noses downward rapidly and for the most 
part has lost its identity by the time it reaches the Wabash River, 
riie currently leading fields in southwestern Indiana are the Griffin 
and New Harmony, which belong to both Illinois and Indiana, here 
separated by the Wabash River, anti the Mt. Vernon pool, entirely 
within Indiana. 

T he reservoir roik in northeastern Indiana is the Trenton doloini- 
ti/ed limestone. In southwestern Indiana a considerable number of 
reservoirs have been found, ranging in age from Pennsylvanian to 
Devonian, but those within the Mississippian system are of greatest 
importance. The Pennsylvanian reservoirs and most of those in the 
upper Mississippian are sandstones, whereas the older reservoirs are 
carbonate rocks. Included among the Mississippian limestone reser¬ 
voirs that are productive in this area are the McCloskey “sands” which 
are prolific producers of oil in the Illinois basin. The most recent 
developments in Indiana have been the opening up of new Devonian 
fields in Sullivan and Vigo counties to the north of the “pocket” 
district. 

riie trapping of oil in the IVenton dolomitized limestone by vary¬ 
ing permeability was described in the section on Ohio. In southwest¬ 
ern Indiana trapping in some pools is anticlinal, and in others accumu¬ 
lation has been brought about by the lenticularity of the sandstone 
reservoir rock. The new Devonian fields occupy anticlines, two of 
which were found by utilizing coal drill core data. The anticlinal 
structure is the result of “draping” of the Devonian reservoirs over 
Silurian reefs. The Rochester field of Gibson County, a relatively 
new discovery, is a stratigraphic trap accumulation. The reservoir 
rock is the Waltersburg sand of upper Mississippian age. The dis¬ 
tribution of oil in the Tri-County and New Harmony fields was 
described in Chapter B. 
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Illinois 

(Figures 104-106) 

The state of Illinois aciountcd lor approximately 314 P^r rent of 
the United States production in 1049; this was also nearly 2 per ceiii 
of the world production for that year. Illinois lias produced gas com¬ 
mercially since 1885 and oil since 1889. Between 1907 and 1914. llli 
nois ranked third among the oil-producing stales, its annual output 
being exceeded only by that of California and Oklahoma. Fhc liisi 
peak was reached in 1908 with a yield of nearly 4 million barrels. 
Subsequently, production declined until 1936, when new disiiiveries 
in the Illinois basin led to a spectacular increase and a second, much 
higher, peak in 1940. During that year, the production reached nearly 
148 million barrels of oil, and Illinois was in fourth place among oil- 
producing states. 

The tectonic map of Illinois shows a sjjuon shaped basin with the 
deepest jjai t of the bowl in the southeastern corner and with the long 
axis of the depression extending in a tlirectioii a little west of north 
and rising to the north. From the deepest point, the strata ascend 
gently toward the O/ark uplift on the west, the VV^iscr)nsin shield to 
the north, and the Findlay arch to the east. The eastward Hank is 
interrupted northeast of the deejjest part of the basin by the La Salle 
anticline, which generally parallels the basin axis both in direction 
and in plunge. Two muih more local, but nonetheless jjrominent, 
anticlines, the Louden and the Salem, lie on the west Hank of the 
basin. Extensive preglacial erosion planed off the surface in the Illi¬ 
nois area, exposing successively older rocks outward Iroin the center 
of the basin, especially to the north toward the Wisconsin boiinilary. 
Subse(|ucntly, the great ice sheets deposited an average thicknc.ss of 
100 feet of drift over practically the entire state of Illinois. As a 
consequence, the two most widely used and most successful prospcM ting 
methods for petroleum and natural gas are subsurface getdogy and 
the reflection seismograph. 

The oil and gas fields of Illinois fall naturally into three geographic 
and geologic divisions: (1) the fields, oldest in time of discovery, which 

Alfred H. Bell. “Orifriii ot the Oil and Gas Reservoirs of the EasLerii Irucrioi 
Coal Basin in Relation 10 the ALTiiniiilalioii of Oil and Gas," Problems of Petroleum 
Geology (Am. Assoc. Petrol. Geol., 1931), pp. 557-569; |. M. Weller and A. H. Bell, 
"Illinois Basin," Bull. Am. Assoc. Petrol. Geol., Vol. 21 (June, 1.937), pp. 771-7HH; 
Alfred H. Bell and R. £. Esarcy, "Dcvelopinenis in Illinois and Indiana in 1949," 
Bull. Am. Assoc. Petrol. Geol., Vol. 34 Qune, 1950), pp. 107H-10H9. 
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Fig. 104. Illinois. Major structural features and oil and gas fields. 
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Fin. 105. Illinois. Oil and fields. 




Fig. 106. Illinois inilcx map. 1, Marine oil field; 2, ^Saleiii nil field; 3, UeiiLon oil 
field; 4, Louden oil field; 5, Robinson oil field; 6. Bridgcporl oil field; 7, Omaha 

oil Field. 

.Wfi 
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occupy the La Salle anticlinal belt toward its southern end; (2) the 
"basin” fields,which lie in the deeper part of the Illinois basin 
immediately to the west of the La Salle anticline; and (3) the "west¬ 
ern” Illinois fields which lie on the w'est Hank of the basin. Older 
major fields are the Bridgeport and Robinson, which produce from 
Pennsylvanian reservoirs high on the La Salle anticline and which 
were discovered in 1906; examples of newer major fields are the 
Louden, discovered in 1937, and the Salem, discovered in 1938. Both 
these fields lie on the west flank and produce principally from Missis- 
si ppian reservoirs. 

Hake**- in 1942 listed about 20 reservoir rocks that are productive 
in Illinois. Discoveries since that date have increased this number. 
The producing formations range in age from the lower Pennsylvanian 
down to the Ordovician, but in recent years both upper and lower 
Mississippian reservoir rocks have been outstanding in importance. 
BelP'^ estimated that in 1948 about 88 per cent of the total Illinois 
production came from Mississippian reservoirs, about 5.5 per cent 
from Pennsylvanian rocks, 3.7 per cent from the Devonian, 1.8 per 
cent from the Silurian, and 1.2 per cent from the Ordovician. The 
Ordovician reservoir is the Trenton,^^ wdiich is the great reservoir in 
the Lima-Indiana district to the east where it lies much closer to the 
surface. 

By far the greater part of the oil and gas so far discovered in Illi¬ 
nois has been trapped in anticlines. One of the iiiost important oil 
accumulations in Illinois is that of the Salem field in Marion County. 
The position of the Salem anticline is shown on the Illinois tectonic 
map (Fig. 104). To the north in Fayette County, but on the same 
trend, is the Louden field, with the oil occupying the Louden anticline. 

The Salem field was discovered on July 1, 1938; six months later it 
ranked seventh in the United States on the basis of daily production, 
and two years later, after the rapid development of a prolific but short¬ 
lived Devonian reservoir beneath the original Mississippian producing 
/ones, it ranked second. 

41 Lynn K Lee, “Geology of Basin Fields in .Sniilhcasiern Illinois," Bull. Am. 
Assoc. Petrol. Geol., Vol. 23 (October, 1939), pp. HR3-1506. 

42 B. F. Hake, "Geologic Distribution of Oil in The Illinois Basin," Am. Fetrol. 
Inst., preprint Pittsburgh Meeting, 1.912. 

4a Alfred H. Bell, "Illinois Oil and Gas Field Development 194R," Yearbook 
National Oil Scouts and Landmen’s Association, Vol. 19 (1949), p. 136. 

44 George V. Cohee, “Trenton Production in Illinois," III. Geol. Snrtfey, Press Bull. 
No. 39 (Sept. 13, 1911). 

43 H. H. Arnold, Jr.. “Salem Oil Field, Marion County, Illinois," Bull. Am. 
Assoc. Petrol. Geol., Vol. 23 (Septeml)er, 1939), pp. 1352-1373. 
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The held covers an area of about 14 square miles, and the anticline 
has closure at reservoir level of over 200 feet. Although permeability 
controls to some extent the distribution of oil in the reservoirs, the 
trapping is entirely anticlinal. 

Three sandstones, the Benoist, Renault, and Aux Vases, of Chester 
(upper Mississippian) age, separated by only a few feet of shale and 
possessing a common oil-water contact, form the highest and most 
important group of reservoirs. The three formations are all inter¬ 
rupted by tight silty or shaly streaks, and only about half of their total 
thickness of 120 feet is effective reservoir rock. The next lower major 
reservoir is the McClosky oolitic limestone of lower Mississippian age, 
the most productive reservoir in Illinois but, in the Salem field, second 
in importance to the Chester sandstones. Lenses of porous oolitic 
limestone average about 15 feet thick in the Salem field. A sandy 
dolomite of Devonian age is productive beneath about 60 per cent of 
the total productive area in the Mississippian, and 'Lreiiton limestone 
produces beneath a quarter of the field from a depth of 4500 feet, the 
deepest production in Illinois. 

I he Benton field occupies a considerably smaller anticline to the 
south in Franklin County. I hc reservoir rock at Benton is the Tar 
Springs sandstone of Chester (upper Mississippian) age. The trapping 
is anticlinal, but at the south end of the anticline there is abrupt 
gradation from sand to shale. Since the Benton field lies in an active 
coal-mining district, it was necessary to drill many of the wells through 
either operating or abandoned coal mines. For the operating mines, 
accurate maps were available, and the wells were located so as to pass 
through the centers of pillars at least 40 feet across instead of through 
mine openings. Where the mine had been abandoned and an accurate 
map showing the rooms and pillars w^as not available, consideral)le 
trouble occurred until a technique was developed for meeting this 
situation. 

'I’he Marine pool,^^ a limestone reef producer, was described and 
illustrated in the preceding chapter (Fig. 43) as an example of dome 
accumulation. Marine is typical of the three or four producing reefs 
so fai discovered in lllinois,'^^ and even in this field most of the oil has 

♦u J. V. Huwdl. “Gcolngy ot BeiUoii Field, Franklin Coiinly, Illinois," Bull. Am. 
Assoc. Petrol. iieoL, Vol. .*12 (May, 1948), pp. 743-7fi6. 

4” H. A. LowLMistam, "Marine Fool, Madison Coiiniy, Illinois, Silurian Reef 
Froducer," .S'/rur/wre of Typical American Oil Fields (Am. Assoc. Petrol. Geol., 
1948), Vol. 3, pp. 153-188. 

4B H. A. Lou'ensLani, "Niagaran Reefs in Illinois and Their Relation to Oil 
Aminiiilation," III. Geol. Simtey, Rept. of Investigations No. 145, 1950. 
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accumulated not in the reef itself but in the overlying detrital zone, 
which is anticlinal in structure because of the convex topographic 
surface of the reef. Another unusual field is the Omaha pool in 
Gallatin County, near the southeast corner of Illinois. This extremely 
symmetrical dome contains igneous sills and dikes and is, in all prob¬ 
ability, the result of upward pushing on the part of a laccolith or other 
type of subjacent intrusion. It also is illustrated in Chapter B (Fig. 
.^ 0 ). 

Michigan 
(Figures 107-109) 

in recent years, Michigan has contributed about 1 per rent ol the 
annual petroleum production in the United States. Oil was first dis¬ 
covered in this state at Port Hurr)n in IBBfi, but it was nut until H)2fi 
that any substantial production was obtained, owing to the discovery 
the year before of oil at Saginaw. The Muskegon field was found in 
1927, and Mt. Pleasant, the first of the important basin fields, was 
discovered in 1928. The most recent activity has been in the western 
side of the state, where several new pools have been discovered since 
1946. 

The regional structure of the southern peninsula of Michigan, 
which contains all the oil and gas fields so far discovered, is very 
simple. This area is an almost perfectly circular structural basin. The 
crystalline basement rocks, pre-Cambrian in age, crop out around the 
north rim of the basin in Wisconsin, the northern peninsula of Michi¬ 
gan, and Ontario. In the center of the basin, which is in the southern 
peninsula, the top of the pre-Cambrian ro(k lies at a probable depth 
of 14,000 feet. Erosion has not uncovered the basement rocks around 
the south rim of the Michigan basin, but formations as old as Ordovi¬ 
cian are exposed there. Fhe southern end of the Michigan basin 
lies inside the fork formed by the Kankakee and Findlay branches of 
the Cincinnati arch; the top of the arch forms the south rim."*^ The 

R. M. English and R. M. Grogan, “Omaha Pool and Mica-Peridnliie Intrusives, 
C>allatin County, Illinois,” Structure of Typical American Oil Fields (Am. Assoc. 
Petrol. Geol., 1948), Vol. 3. pp. 189-212. 

“0 B. F. Hake, "Geologic Occurrence of Oil and Gas in Michigan," Bull. Am. 
Assoc. Petrol. Geol., Vol. 22 (April, 1938), pp. 393-415; R. B. Newcombe, "Structure 
and Arcumiilation in the Michigan ‘Basin’ and Its Relation to the Cincinnati Arch," 
Problems of Petroleum Geology (Am. Assoc. Petrol. Geol., 1934), pp. 531-556; 
Richard H. Wolcott, "Developments in Michigan in 1949," Dull. Am. Assoc. Petrol. 
Geol., Vol. 34 (June, 1950), pp. 1090-1096. 

George W. Pirtle, "Michigan Structural Basin and Its Relation to Surrounding 
Areas,” Bull. Am. Assoc. Petrol. Geol., Vol. 16 (February, 1932), pp. 145-152. 
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Fic. 107. Mi[:hi|;aii. Simcture coiilour map of SuuLlicni Peninsula. Also shown 
are Pennsylvanian rocks in center of basin and Mississippian-Devonian boundary 
toward rim. Contour datum is the top of the Dundee (Devonian^ formation. 






1, Evart nil rielil. 

2, Fork nil field. 

3, CulihvaLcr oil field. 

4, Fentwater oil Reid. 

5, Slicrman oil Reid. 


Flo. 109. Michigan index n 

R, Muskegon oil field. 

7. Mt. Pleasant oil Reid. 
H, Porler oil Reid. 

9, Saginaw oil field. 

10, Buckeye oil Reid. 


11, Deep Ri^'cr oil Reid. 

12, Temple oil Reid. 

13, WiiiieiTield oil field. 

14, Deerfield oil field. 
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southeastern flank of the Michigan basin contains the Howell anti¬ 
cline and fault; less prominent anticlines and terraces occur on' the 
other flanks. 

Toward the center of the Michigan basin the youngest bedrock 
formations are Pennsylvanian sediments which are covered by up to 
BOO feet of glacial drift. The areal geologic map shows a succession 
of older rocks in circular patterns surrounding the Pennsylvanian out¬ 
crop. The oldest rocks to reach the bedrock surface in the southern 
peninsula are Silurian, but in the northern peninsula the exposed 
Paleozoic section extends down to the pre-Cambrian. Within the 
basin several rock groups, notably the evaporite-containing Salina 
(Silurian) and Detroit River (Devonian), thicken greatly between out¬ 
crop zone and basin center. During these times, and to a somewhat 
lesser extent during several other sedimentation periods, the Michigan 
basin was sinking concurrently with the deposition of clastic, organic, 
and chemical sediment. 

Ninety-nine per cent of the Michigan oil at present comes from car¬ 
bonate rock reservoirs of Devonian age. The principal reservoir rock 
is the Dundee limestone; the overlying Traverse group is second and 
the underlying Detroit River group third. The greatest increase in 
recent years has been in Detroit River production. A small amount 
of oil has been produced from the Trenton dolomite in southeastern 
Michigan, and at least one field has produced commercially from the 
Rerea sandstone of Mississippian age. 

Gas is much more abundant than oil in sandstone reservoirs in 
Michigan. It has been found in the Berea and especially in the so- 
called “stray” sands of younger Mississippian age. A gas field is cur¬ 
rently being developed ahmg the Howell anticline in basal Salina 
(Silurian) dolomite. 

The trapping of hydrocarbons in Michigan is mainly, but by no 
means exclusively, anticlinal. The central and southern parts of the 
Michigan basin are crossed by a series of parallel northwest-southeast 
anticlinal trends. Six or more of these have been mapped, and most 
of the Michigan basin oil so far discovered has accumulated in the 
structurally higher places along the anticlinal axes. In the northern 
part of the southern peninsula, the trends appear to change direction 
to northeast-southwest. As a general rule, the local anticlines are 
from 4 to 6 miles in length and from 1 to 1 % miles wide. They tend 
to be asymmetrical, with the deeper flank toward the basin, probably 
because of continued basin sagging after the anticline was formed. 
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The dips, even on the steeper side, rarely exceed 200 feet to the mile, 
and most of the closures fall between 50 and 100 feet. 

The g^rcater part of Michigan's current oil and gas production 
comes from three districts, of which the basin district is the largest. 
This district includes all the counties surrounding the central part of 
the basin. The western Michigan district lies to the west adjacent 
to the shores of Lake Michigan, and the southwestern Mic:higan district 
is south of the western Michigan district. Most of tlie oil in the 
southwestern Michigan district comes from Traverse rocks, whereas 
Dundee and Detroit River rocks are the principal reservoirs in the 
western Michigan and basin districts. 

Because most of the outcrops in the southern peninsula of Michigan 
are around the periphery of the basin and not down the flanks where 
the reservoir rocks lie at adequate depth, it has not been possible to 
use surface methods of oil exploraticm. Furthermore, in many parts 
of the state the veneer of glacial drift is so thick that even the reflection 
seismograph and other geophysical instruments have not been suc¬ 
cessful prospecting tools. In a few areas, however, as in the Thuinb 
and along the west shore of Saginaw Bay, the drift is thin enough so 
that some success has been possible with the reflection seismograph. 
With this exception, all the oil-finding in Michigan that has had the 
benefit of scientific guidance has been by means of subsurface geology. 
Where well data have not been adeipiate, the core drill has been 
used. The first discoveries in the basin area were made by means of 
the geologic data obtained during the drilling of brine wells. The 
more recent discoveries in western Michigan have been the result 
of an intensive core-drilling campaign. 

Typical anticlinal accumulations in Michigan arc the Muskegon, 
Buckeye,*'-'* and Porter oil Fields. The Muskegon oil field was dis¬ 
covered in 1927 and was the first field of any appreciable size to be 
discovered in the state. The anticlinal trap is an irregular dome with 
some 60 to 70 feet of closure. The reservoir rocks are porous lime¬ 
stones of Devonian age. The Buckeye field consists of two oil pools 
occupying separate domes. Although the two domes arc comparable 
in size and closure, the production of the north dome has been nearly 
four times as great as that of the south dome. This difference is 

R. B. NewLOiiibc, "Geology of Muskegon Oil Field, Muskegon, Michigan," 
Bull. Am. Assoc. Petrol. Geol., Vol. 16 (Fchruaiv, ID32), pp. I53-16S. 

53 Carl C. Addison. ‘‘Buckeye Oil Field, Gladwin Cniiniy, Michigan," Bull. .4rn. 
Assoc. Petrol. Geol.. Vol. 2A (November, 1910), pp. 1.050-19^2. 

54 Keniielh K. Laiide.s. "Purler Oil Field, Midland GoiiiiLy, Michigan," Bull. Am. 
Assoc. Petrol. GpoI., ^■ol. 28 (February, 1914). pp. 173-196. 
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attributed to changes in porosity and permeability over that short 
distance. The Porter field, the largest in cuniiilative |)rodiiction, was 
used to illustrate anticlinal trapping in Chapter 8 (Fig. *11). 

A fairly recent discovery, the Pentwater field in Oceana County, on 
the Lake Michigan shore, produces from both the Traverse and the 
underlying Dundee. Tlie l>averse pool is smaller, but the producing 
/one is thicker, with conse(|ueru anticipated higher per acre recovery. 
The Dundee production is from crystalline dolomite in the top 20 
feet of the formation in a structure with only 1.5 feet of productive 
closure.®'* 

Michigan is not without some unusual examples of trapping by 
varying permeability. Much of the natural gas in the state is produced 
from shoestring sands of Mississippian age.®” Furthermore, the state 
contains several excellent examples of dolomitization porosity with 
oil accumulation confined to the doloniiti/f'd /ones. Accumulation of 
this type at the Deep River field ®‘ was descril)ed in (Chapter fl (Fig. 73). 
Deep River was the leading Michigan field in annual production in 
1!M!). The nearby and older Adams field exhibits exactly the same 
type of trapping. The Deerfield pool near ihe southeastern corner 
of the state is the only Trenton producer and is actually an outlier of 
the Lima-Indiana district, in which the arcumulation is due to local 
dolomitization. According lo Addison,®” the Sherman, Coldwater, 
Fork, Evarl, VVinterficId, and reiiiplc fields are typical examples of 
the accumulation of oil in openings produced during dolomitization. 

Nebraska 
(Figure 110) 

Although Nebraska is floored entirely with sedimentary rock, it has 
not had many oil or gas discoveries as yet and its contribution to the 
oil production of the United States has been negligible. The north¬ 
ward extension of the Nemaha uplift crosses southeastern Nebraska, 

Manley Osgood, Jr., "Devclopnienls in Midiij^an ir ID-IH," Bull. Am. Assoc. 
Petrol. Gcol., Vol. 33 (June, I94D), pp. 877-BH2. 

Bn Max W. Ball, T. J. Weaver, H. D. Crider, Drniglas S. Ball, ‘‘.Shnestring Gas 
Fields of Michigan.” Stratigraphic Type Oil Fields (Am. Assoc. Petrol. Geol., 1941). 
pp. 237-266. 

B7 Raymond S. Hunt, "Deep River Field, Michigan—Unique Example of Persistent 
Exploration,” Ind. Petrol. Assoc. Am. Monthly, Vol. 19 (April. 1949). pp. 15 el seq. 

Bs George D. Lindberg, "Deerfield Oil Field, Monroe County, Michigan,” Structure 
of Typical American Oil Fields (Am. Assoc. Petrol. Geol., 1948), Vol. 3, pp. 305—318. 

BB Carl C. Addison, quoted in Kenneth K. Landes, “Porosity through Dolomitiza¬ 
tion,” Bull. Am. Petrol. Geol., Vol. 30 (March, 1946), p. 306. 
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and the northwestward extension of the Central Kansas uplift, which 
is known in w^estern Nebraska as the Chadron arch, extends across 
that end of the state to the Black Hills uplift. The state contains 
parts of three basins, in two of which oil has been discovered. These 
are the northern extension of the Forest City basin of northeastern 
Kansas, which occupies the southeastern corner of Nebraska, and the 
western Hank of the Denver basin, which lies west of the Cambridge 



I'li:. 110. Nplii'.iska iiiilrx in;i|). .1, CiMiiiiy; /?. RiiiKnilsnn Couniy; 1. 

r.ills (lily nil lirlil; 2 . (■inirv nil Pil'IiI: nunisiiiaii fielil. 


arch. Central and northern Nebraska arc high on the rather indefinite 
south flank of the Willislon basin of North and South Dakota. 

The Falls City pool in Richardson Couniy in southeastern Nebraska 
was discovered in 1930. Later three other pools were discovered in 
the same county. The principal reservoir rock is the Hunton lime¬ 
stone of Siluro-Devonian age. Trapping is anticlinal. Production 
declined fairly rapidly in each of the southeastern Nebraska fields soon 
after discovery. 

The Nebraska corner of the Denver basin was the scene of an oil 
discovery during 11)49. The pool, which has been named the Gurley, 
is in Cheyenne County. The discovery well had an initial production 
of 225 barrels per day from the First Dakota sandstone at a depth of 
‘1400 feet. The third well drilled in this field found oil in the Third 
Dakota sandstone. 90 feet lower. Early in 1950 the Huntsman gas 
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field, 8 miles to the southwest, w'as discovered. The Huntsman anti¬ 
cline is reported to have more than 100 feet of closure. An initial 
productive capacity of over 50 million cubic feet per day from the 
Third Dakota sand is indicated. 

A field as yet (June, 1950) unnamed has been discovered in Harlan 
County in soiuh-ceiitral Nebraska.®* The initial well was drilled 
one-half mile north of the Kansas line and fi miles north of the nearest 
pre-existing oil field. This area is on the (Central Kansas uplift. 

Kansas 

(Figures 111-115) 

During 1949, Kansas produced over 5J4 per cent of the country’s 
oil and about 3 per cent of the world's oil oiitpiil. Exploration for 
oil and gas began in this stale in IHfiO, and comnuTcial production 
of natural gas has been rnntiiiiious since ISKfi and that of crude oil 
since 1889. Altliough Kansas was never in first rank among oil states, 
it did produce over 90 per teni of the Mill-Continent and Gulf Coast 
oil between 1889 and 1897. 1 he first disco\ cries were made close 

to the eastern edge of ihe state, and for the first 33 years the production 
was largely from eastern Kansas. During that lime, the great Eldorado 
and Augusta pools of butler County and the prolific shoestring sand 
fields of Greenwood County were discovered and develnjjed. In 1923, 
oil was found in the Fairport jjool of Russell County in w'eslerii 
Kansas, over 100 miles to (he norlhw^est of the nearest oil field. Subse- 
i|uenily, discoveries not only have filled in the greater part of the 
intervening space but also have spread to the southwest and west, so 
that today fi9 out of 105 counties produce either oil or gas or boih, 
and the list grows yearly. 

Although most of the discoveries of recent years have been in western 
Kansas (as many as fourteen new fields in a single county in one year), 

Williuiii L. Hcr.stliiii:iii, in VVcslcni \eIji :isk:i." Oil tuid Gas Jour., 

Vol. AH (May A, HIjO). pp. I tf>-l IK. 

<5* Anon., "SouLh-Cenlral Xubniska Gvls Oil." Oil aiif! Gm Jrnir., Vol. ifl (June 2n. 
1950). p. 113. 

\V. A. Ver Wielie, J. M. Jcwl-u, uiiil E. K. Nixnii. “Oil :iiiil fijis I)l'\L' lopinuiils 
ill Kansas During 19IH," Kan.s. Geol. .S'l/rr/py, Hull. 7H, 1919; J. M. jcwult, “Oil anil 
Gas in EasiL'ni Kansas." Kaiis. Gv»l. Surv^;y, Hull, 77, 1949; J. M. Jewell and 
R. Kenncili Siniih, “Oil lUraring Rntks in Kansas,'' Miiirs .Vfr/g., Vol. 39 (DerL’inher, 
19-19), pp. 85 p/ serj.; |. H. Tage, “Larger Gas Fields in Kansas," Hull. Am. Assoc. 
Petrol. Geol., \'ol. 21 fOnuber, 1940), pp. 1779-1797; ). RohErt licrg, “DEVclopmEiiis 
in Norlh Mid-ContinEnt in 1949," Bull. Am. Assoc. Petrol, Geol., Vol. 34 (Juiie, 
1950), pp. 1097-1105. 
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none of the newer disrnverics has as yet surpassed in runiiilativr pro- 
durtion the Eldorado Fielil of casiern Kansas, and fields arc still bein^ 
found in that area, (lon.siderable exiiicment was eaiised early in 
li)49 by the diseovery oi a new oil fielrl in AVabaiinsee County in north¬ 
eastern Kansas. 



J, Uiillui (.rniiiO. 

Jl, Russl'II (.iuiiii>. 

(’, VV.ihiiimsrf (.mini). 
I), C.iL-niwiiml CiJUiii). 
h, AiiilLisdii C.ciyiii). 

.Mi.inii Cmiiit^. 

(;, Si;[lj*ivifk CmiiU>. 

H, SLalliiicl Cduiiiv 

I, Rl'iid County. 

J, Ballon (.oniily. 

A', Rice County. 


J'lr.. 11.^. Kiinsiis iiiiIla iii.i|). 

1 , XllL'llSl.l lil'lll. 

Bi^ 1 akr fiilil. 

3, Biiiiilinlilt ficlil. 

5, n.i\is R.iiiili firlil 

6, I'.ilwai tls fii'lil. 

7, l lilmailfi lirld. 

R, laii|>Dii lirlil. 

9, Ccnesro licUI. 

10. (.ifiMiuiili liclil. 

11. llii^olmi ^:is lii'lfl. 

12. Kiall l*ins:i fndil. 


I. *!, L)niis f^tis lil'lll. 

II, Mil mull ^.Ls ricld. 
I.*). Nikkei field. 

II). Oilh field. 

17 . l'e:i['L' (iieck fiL'lil. 
IH. Siliia lil'lll. 

19, Singles held. 

20, Tiapp held. 

21. V'nsliell field. 

22. Wehh field. 

2.1 Wherry field. 

21. Z.enilli field. 


The bed rock is widely exposed in eastern Hairsas, and most of the 
earlier finds ol oil and gas in this area were the direct result of surface 
structure mapping. Modern and ancient floodjdains, dune and loess 
deposits, and Tertiary rocks ol ioniiiiental,urigin .mask-the bed niik 
over much ol the western two thirds ol the slate, and .so most of the 
discoveries there ha\e been due to core-drill surveys, subsurface geology, 
and geophysical exploration. In recent years, most of the new finds 
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have been credited to subsurface geolo^, although the core drill is 
still being used, and seismic and gravimetric surveys have also con¬ 
tributed to the list of discoveries. The new field in Wabaunsee County 
was found as a result of surface structure mapping, and in consequence 
the plane table and alidade once more have been restored as a pros¬ 
pecting method in this area. 

Geographically, the Kansas oil fields are included in the northern 
Mid-Continent province; geologically, Kansas lies within the western 
Interior coal basin. This coal basin is bounded on the north by the 
Wisconsin shield, or. the cast by the Ozark uplift, and on the south 
by the Ouachita and Arbuckle-Amarillo uplifts, but the western 
boundary is rather indefinite. The Carboniferous coals do not extend 
very far west, but the structural basin continues westward until it 
merges w'ith features belonging to the Rocky Mountain geosyncline. 

Although the areal geologic map of Kansas shows the rock groups 
outcropping in bands which crriss the state in a general north-south 
direction, w^itli the oldest in the east and the youngest in the wesi, the 
truncation of wcsiw'ard-dipping strata in eastern Kansas and the 
general increase in topographic elevation across western Kansas make 
the three-dimensional picture of Kansas geology by no means simple."’’ 
The subsurface section contains some great uncoiironnities, including 
especially the one that preceded the de|)osition of the Mississi])pian 
sediments. T his unconformity can be observed by turning to the jirc- 
Mississippian areal geologic map (Fig. 22). The most striking tectonic 
features in Kansas geology today are the Nemaha uplift and the 
Central Kansas uplifi (Fig. 111). The Nemaha uplift crosses the state 
from north to south, and the axis plunges to the south. It w^as jnished 
up in posl-Mississippian linie.s, and extensive erosioiT in the early 
Pennsylvanian stripped off not only older Pennsylvanian sediments 
but also the Mississippian and Ordovician, so that along the axis in 
the northern higher parts of the uplift the later Pennsylvanian sedi¬ 
ments rest directly upon pre-Cambrian crystalline rock. Farther driwn 
the flanks, or farther south, the same sediments overlie tilted and 
truncated Ordovician and Mississippian formations. Because the 
structure of the Nemaha uplift is reflected in the overlying sediments 
clear to the present surface, this great anticlinal ridge can be mapped 
by surface geologic methods. 

The Central Kansas uplift is a much broader arch, but it has had 
a similar stniciural history. It also lias a crystalline rock core and is 

Rayniontl C. Moon: anil John M. Jcwcil, "Oil anil Gas Fielil.s of Kansas," 
Afifies Slag., Vol. 32 (Oflobcr. 19-42). pp. ISI rf srq. 
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bordered by arched-up and beveled Oidovician and Mississippian 
sediments. It is crossed from norilmest to southeast by three parallel 
anticlinal axes. 

which contain a much more complete 
section of sedimentary rock surround the two uplifts. East of the 
Nemaha uplift, the Forest City basin occupies northeastern Kansas 
and extends over into northwestern Missouri, soiitlieasiern Nebraska, 
and southwestern Iowa. The Bourbon arch sejjarales this basin from 
the Cherokee basin of soiuheastern Kansas and northeastern Oklahoma. 
Between the Nemaha uplift and the Central Kansas uplill are the 
Salina basin in the northern half of the state and the Sed^wdek basin 
in the southern half. South and west of the Central Kansas uplift is 
the Hugoton embayment, formerly called the Dod^^e City basin, which 
is the northern extension of the Anadarko basin of western Oklahoma. 

Although none of the Kansas sediinenlr.iy basins are deep in com¬ 
parison with oil-producing basins in other states, the relatively thin 
sedimentary veneer which docs occur in this state contains a large 
number of prolific oil and gas reservoir rotks.'" Fhese reservoirs 
range in age from pre-Cambrian to Cretaceous. The Oetaceoiis [)ro- 
duction consists of relatively insignificant amounts of gas found in 
the Pierre shale in northwestern Kansas. 7'he great gas reservoirs of 
southwestern Kansas (Ifugotoii field) are carboimte rocks of Perinian 
age. Throughout the earlier years, all the state’s rnl and gas came from 
rocks of Pennsylvanian age, but today only 22 per cent is derived from 
these rocks. There are many distinct reservoirs within the Pennsyl¬ 
vanian series of rocks. These include Pennsylvanian sandstones, 
especially lenticular sands in the Cherokee shale, which arc the most 
prolific reservoirs in eastern Kansas, and younger Pennsylvanian 
limestones that produce large quantities of oil in some of the western 
Kansas fields. Mississippian rocks, wdiich ini hide the weathered 
“chat" (chert) at the top, the “Mississippi lime," and underlying sand¬ 
stones, now produce about 10 per cent of the state's oil. The Siluro 
Devonian Hiinton and the Ordovician Viola and Simpson each pro¬ 
duce about 5 per cent. The Hunton and Viola reservoirs arc carbon¬ 
ate rocks, whereas the .Simpson contains the St. Peter sandstone. Over 
half of the state’s oil is currently coming from the Cambro-Ordovician 
Arbuckle dolomite, or “siliceous lime" formation. Some oil is also 
obtained from the basal Paleozoic sandstone, or conglomerate, which 

“4 J. M. Jewell and R. Kenneth .Smith, "Oil-]tearin|r Rocks in Kansas," Mint’s 
Vol. 39 (Deccmlier, 1949). 
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overlies the pre-Cambrian basement rock across the uplifts, and from 
cracks and crevices in the basement rock itself. 

The Kansas oil and gas fields can be separated by districts based 
upon tectonic setting. The two uplift areas and the five basins 
described in a preceding paragraph all contain oil and gas fields."’^ In 
recent years, about two-thirds of the state’s oil has come from the 
Central Kansas uplift district. Next in importance are the Sedgwick 
and Cherokee basins. The Nemaha uplift, at one time in first place, 
now produces only about 4 per cent of the state’s oil. The Forest 
City, Dodge City, and Salina basins are as yet relatively minor sources 
of oil, but the Hugolon gas field in the Dodge City basin produces over 
100 billion cubic feet of gas annually. The Sedgwick basin produces 
abrmt 20 billirm and the Central Kansas uplift about 12 billion cubic 
feet of gas in addition to their large oil yields. 

Cherokee Basin. Most of the production in the Cherokee basin 
cimies from Pennsylvanian reservoirs, although, in places, Mississippian 
and even Ordovician reservoirs are proilactive. The greater part of 
the oil and gas occurs in leiujcular sandstones lying within the Cherokee 
shale. The shoestring sands of Greenwood County were described 
in Chapter H (Fig. (iO) as an example of trapping in lenticular sand¬ 
stone reservoirs. 

Forest City Basin. The reservoirs in the Forest City basin in north¬ 
eastern Kansas range from Pennsylvanian to Ordovician in age. This 
basin also contains a number of lenticular sand accumulations, some 
of them just as elongate as those of Greenwood Ctmnty. I'hey occur, 
however, in Pennsylvanian formations younger than the Cherokee. 
The shoestring sands *d Anderson County have been described by 
C^harles ““ and those in other northeastern Kansas counties by Rich.''" 
Some of these pools were phenomenal in terms of percentage of 
investment return. The Big Lake pool of Miami County was exploited 
by wells drilled to an average depth of 400 feet, and each well had an 
initial prodiictir)n of about 400 barrels daily. The natural history of 
the trap in the McLouth gas field is unusual. This field, discovered 

”>’1 J. M. JcwcM. “Rcvic\^’ of Kfil'iiI Oil aiul Gas ncvc1o|jiiicnLs in Kansas,” Miiifw 
l/rig., Vol. 37 (NnvL'iiihcr. IJM/). j)p. 47 et scq. 

01) Hmiicr H. Charles, "Oil anil Gas RcsiiiiiTes iif Kansas; Aiiilersoii County,” 
Kans. Geol. Sunfr\, Hull. 6, Fan 7 (in27). 

|. 1.. RiL’li, “Sliiicstrin^ Sands of F.asicrn Kansas,” lUtll. .‘im. /Is.wc. Pvirul. 
('wftiL, Vol. 7 (Marrh-April, 1323), pp. 103-113; ■‘Fiirlhcr Ob.servaLions on Sliocstiiii^ 
Oil Fools of F.astcrn Kansas." Bull. .4m. .Issor. Pptrol. GfoI., Vol. 10 (|une, 192ti). 
p|). .'jCB-riSO. 

“8 AVallacc Lee anti Thomas G. Payne, "MirLoulh Gas and Oil Field, Jefferson 
and l.cavenuorlh C'ountics, Kansas,” A'aru. Grof. A'liri'Pv, Bull. 53, 1944. 
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in 19.^9, produces from a PennsyJvanian sandstone lying at the base 
of the Cherokee shale. Apparently the gas. with minor amoiinis of 
oil, was first trapped in an anticline, and then the oil beneath the gas 
dried out so that it made an eflective seal between the underlying water 
and the overlying gas. Subsequently, regional tilting look place, but 
because of the locked in nature of the hydrocarbons in the anticline, 
they have been unable to adjust to the new structural setting. 'Mie 
newest discovery in the Forest City basin, the Davis Ranch pool in 
Wabaunsee County,'”' is jirodiicing from the Viola (Ordovician) lime¬ 
stone in an anticlinal trap, the presence of which v/as discovered by 
surface structure mapping. 

Nemaha Uplift. Along the axis of the Nemaha uplift most tif the 
reservoirs are Ordovician, but olf on the Hanks. Mississippian rocks, 
as well as Ordovician, produce hydrocarbons. Nearly every pool in 
this ilistrict occupies a sirur^^^ Some arc ivpical bald-headed 

structures, with tra])]jing due to a combinatjuii of anticlinal folding plus 
overlap by impervious cap rock. 

Ihc Eldorado field"" of Butler Ciounty, which flooded the domestic 
market in 1916, is the principal field of Kansas in terms of cumulative 
j)roduction, and in 1919 it was still producing enough oil to place it 
in seventh place in the slate. This field directly overlies the “granite 
ridge” axis of the Nemaha uplift. The structure of the pre-Cambrian 
surface is reflected upward, producing a prominent upfrild in the sedi- 
mcnlary rocks. 'Fhe Eldorado anticline was first mapped by means 
of surface geology. 'Fhe irap|>ing at Eldorado is very similar to that 
in the Augusta field immediately to the .south, which is illustrated and 
described in Chapter 8 (Fig. 39) as an example of anticlinal accumula¬ 
tion. 

Sedgwick Basin. Fhe Sedgivick basin, to the west r)f the Eldorado 
and Augusta fields and the Nemaha uplift, contains a number of im¬ 
portant oil fields. Reservoirs range in age from Mississippian to Ordo¬ 
vician and include the Siluro-Devonian Hunton dolomite. Accumula¬ 
tion is largely anticlinal. The Voshell field is a good example of anti¬ 
clinal trapping. The structure is an elongate north-south anticline 

J. M. JcweU, "Oil Prospects in Eastern Kaii.sas," World Oil, Vol. 130 (May, 
1950), pp. 64-70. 

70 A. E. Ealh, "Geology of the Eldorado Oil and Gas Field. Hiillcr County, 
Kansas,” Kans. Geol. Survey, Bull. 7 (1921); John R. Reeve.s, "Eldorado Oil Field, 
Huller Cniinty, Kansas,” Structure of Typical American Oil Fields (Am. A.s.soc. Petrol. 
GeoL. 1929). Vol. 2, pp. 160-167. 

71 T. C. Hiestand, "VDshell Field, McPherson County, Kansas,” Bull. Am. Assoc. 
Petrol. GeoL, Vol. 17 (February, 1933), pp. 169-191. 
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with about 150 feet of closure. The fold appears to be as full of oil as 
its closure will permit. A fault along the west flank limits the produc¬ 
tion in that direction but has not been a cause of accumulation. The 
reservoir rocks are three limestones and sandstones ranging in age from 
Cainbro-Ordovician to Mississippian. 

The Voshell pool is but one of several accumulations along the trend 
of the Voshell anticline. The next pool to the south, the Nikkei, 
illustrates a combination trap. The oil has moved up-dip to the west 
to the top of the Voshell anticline, but closure at the north end of the 
pool is obtained ljy the complete wedging-out of the Siluro-Devonian 
reservoir rock, the Himton limestone. Anticlinal accumulatinn in the 
southeastern part of the Sedgvi^ick basin is illustrated by the Greenwich 
pfiol “■* and by other pools along the same line of folding in Sedgwick 
County. On the northwest side of the Sedgwick basin, on the other 
hand, there is considerable trapping of the stratigraphic type where 
the lower Mississi])pian and Ordovician reservoirs, dipping off the 
Central Kansas uplift, have been truncated and overlapped. Examples 
are the Zenith pool of Stafford County and the Peace Creek field 
lying in Stafford and Reno cfiunties. The Cunningham field near 
the western edge of the Sedgwick basin is an anticlinal trap. 

Salina Basin. The Salina basin district is still relatively insignificant 
as a jjroducer of hydrocarbons. The reservoirs are similar to those 
in the Sedgwick basin, and acciinuilations are largely anticlinal. 

Central Kansas Uplift. Hie prolific Central Kansas uplift district pro¬ 
duces nioslly from Ordovician reservoirs, but mid-Penn.sylvanian forma¬ 
tions are iniporiant carriers of oil in the northwestern part of the 
district. Accumulation is largely anticlinal, but around the periphery 
are many Fields in which the oil has been trapped by wedgeoiit of the 
reservoir rock on the flanks of the uplift. In Chapter 8, one field used 
to illustrate accinniilation of oil beneath unconformities was the Kraft- 

Arnnlil S. lUiiUc anil Leo R. Foriicr, "Nikkei Pool, McIMicrsnn aiul Harvey 
Cloiinlics, Kansas," Slr(itifrraf)hic Type Oil Fields (Am. Assoc. Fcirol. GcoL. 1D41), 
p|i. 105-117. 

.'\rnijld S. Biiiile, "Siihsurfacc Suidy of Greenwich Pool, Sedgwick County, 
Kansas," Hull. Am. A.s.wr. Petrol. Geol., Vol. 2D (May, 1939), pp. 643-602. 

\\\ C. Imhi, "/.I’liilh PiMil. Slalford County, Kansas—An Example of Strati¬ 
graphic Trap Arciiiiiiilatiiin," Stratigraphic Type Oil Fields (Am. Assne. Petrol. 
Geol., 1941), pp. 139-165. 

"5 jnseph .\. Konireld, "Pearc Creek Field, A Stratigraphic Trap," H'oWd Petro¬ 
leum, \'ol. I I (December. 1913), pp. 3H—17. 

R. n. Riiiledgc and Hrnrard S. nryaiii. "Cunningham F'ield, Kingman and 
Pratt Counties. Kansas." Rull. Am. Assoc. Petrol. Geo/., Vol. 21 (April, 1937), 
pp. 500-524. 
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Prusa field (Fig. 78) of Barton County, which lies on the south limb 
of the uplift. 

The Central Kansas district was discovered by the initial well of ihc 
Fairport pool, w'hich was drilled in 1D23. The Fairport anticline"" 
(Fig. 7) is a very sharp elongate anticline with north-south trend which 
was recognized by surface mapping of the Cretaceous rocks. The struc¬ 
ture is asymmetric, dipping much more steeply to the west than to the 
east, and increasing severalfold in magnitude with depth. Oil occurs in 
four porous zones in Pennsylvanian limestone. The discovery of Fair- 
port led to many other discoveries in western Kansas i»n the Central 
Kansas uplift. Among the later fields is the Frapp in Russell and 
Barton counties which was found in Within a few years this 

field had become the leading jwodiirer in the state, and it still ranked 
first in 1949. The Trapp field is second only to lU Dorado in cumula¬ 
tive production. The second field in Kansas in 1919 ivas the Kraft- 
Prusa, and the third was the Silica field in Barton and Rice couniies 
wdiich was discovered in HkHl. These fields are also on the Central 
Kansas uplift. Near the southeast end of the uplift district some fields, 
including the Gencsco and Edw'ards oil fields and the Lyons gas field, 
are anticlinal accumulations, w'hcreas other fields, lying still farther 
down the southeast (lank of the uplift and including the Wherry, 
Welch, Bornholdt, and Smyres fields, owe their traj)ping to truncation 
and overlap of the pre-Pennsylvanian sediments flanking the uplift. 

The pool that really confounded and doublc-trossed the textbook 
writers is the Orth poolof Rice County. I'he discovery w^ll, drilled 
in 1932, produced at the rate of 1800 barrels daily from pre-Cambrian 
rock. Subsequently fourteen other oil wells were drilled into the pre- 
Cambrian and several gas wells were completed in the overlying Penn¬ 
sylvanian sediments. The oil reservoir is the creviced lop of the base¬ 
ment quartzite. The Orth pool is high on the Central Kansas uplift, 
and all the sedimentary veneer was stripped off by pre-Pennsylvanian 
erosion. The oil has probably migrated into the crevices in the 
pre-Cambrian rocks from topographically lower flanking sediments. 

T7 Thomas H. Allan and M. M. Valerius, 'Taiipon Oil l icld, Russell ODunty, 
Kansas,” Structure of Typical American Oil Fields (Am. Assuc. reirol. Ceiil., l[)2i)), 
Vol. 1, pp. 35-48. 

Stuart K. Clark, C. L. Arnett, and Jame.s 5. Royds, ‘‘Ocncsco Uplift, Rice, 
Ellsworth, and McPherson Counties, Kan.sas,” Structure of Typical American Oil 
Fields (Am. Assoc. Petrol. Gcol., I9i8), Vol. 3, pp. 225-218; Harolil E. McNeil, 
"Wherry Pool, Rice County, Kansas,” Stratigraphic Type Oil Fields (Am. Assoc. 
Petrol. Gcol., 1D11), pp. 11H-13H. 

7B Walter A. Ver Wiebc, "Oil and Gas Resources of Western Kansas,” Kans. Geol. 
Survey, Min. Res. Circ. 10 (1938), p. 108. 
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Hug»ton Embayment. The major feature of the Dodge City basin 
is the Hugolon gas field which is described in Chapter 8 (Fig. 71) as 
an example of trapping by an up dip facies change from pervious dolo¬ 
mite to impervious shaly carbonate rock. The dolomite is Permian in 
age. 

Missouri 

Although petroleum and natural gas have been produced intermit¬ 
tently in Missouri since the cumulative volume of both has been 

negligible. 

Teiaonirally Missr)uri is dominated by the O/ark uplift, wdiich has its 
liighest point in the southeastern part of the state. Fhe few and small 
oil and gas fields are concentrated on the northw^est flank of the uplift 
near the Kansas line. Most of the oil wells have been in Cass and 
[ackson counties to the south of Kansas City. Gas also has been found 
in this area as well as in other small fields north of Kansas C^ity. In 
HM2 the I'arkio pool was discovered in Atchison County in the north- 
w'est corner of the stale. J'liis is in ihe Ft)rest City basin, w^hich lies 
mainly in northeastern Kansas. Pennsylvanian sandslones and lime¬ 
stones are the reservoirs in all the fields so far discovered in Missouri. 
"Frapping is mainly anticlinal, but the lenticularity of the Cherokee 
reservoir sands may also control accumulation. 

Oklahoma 

(Figures 114-llfi) 

About one-tw'elfih of the annual output of pelroleum in the United 
Stales ill recent years has come from Oklahoma. 'Fhis state’s share in 
the wMirld’s production amounted to 4.1 jjer cent in 11)49. The dis¬ 
covery and development of oil fields in southern Kansas focused atten¬ 
tion on the possibilities of Indian Territory (,now northern Oklahoma) 
as early as 1881, but exploration was seriously impeded by the fact that 
most of the land belonged to various Indian tribes, and as a result the 
leasing w^as both involved and difficult. The first recorded crude-oil 
production in Oklahoma w^as in 1889, but ihe output w^as small until 
1903, wdien a flowing well w'as struck near IVarilesville in Washington 

.‘\hiii (;. Skulinii aiul Martha B. Ski'luiii, “A Bililin^iaphy ol Oklaluiina Oil 
ami (ias Pools." Okla. Gvol. Sun>n\ Hull. (int2); Kolicri H. DoU, "Distoxcries 
Kc[|iiiicil 111 Maintain Stains of Picnliirlioii in Oklaliiinia/' Oil ]yeek!y fRcprint), 
Afiril .10, May 7, anil May 1-1. 19.1-1; J. K. Hardwick. "l)c\elnpmcnls in Oklahoma 
in l!M9." Hull. .‘im. Assoc. Hrtrnl. (wcol., \’nl. 31 (jiiiiE. l.M.'iO), pp. 1106-1122. 
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County in northeastern Oklahoma; after that the tlcvelopment of the 
state was ra|)i(1, ami Oklahoma soon berame a major proiliirer. 

Currently the greatest arlivity is in the Anailarko basin, whirh omi- 
pies the larger part of western Oklahoma. It has been reported that, 
in one group of eighteen deep wildcat wells drilled in this basin, 



Fk;. 114. OklnlifiTiia (cx[;u|ji piuiliaiiillc). Majin icilrmir rral ini\s. Caurlr.iy Amcr- 
iffiti As.sfx ifitioii f}f PrltnlriiTH 

fifteen arc opening uj) new oil fields.*'* Strikes are being made on 
the east, southeast, and south flanks of the Anadarko basin. Many new 
Helds have been discovered in recent years in tbe soulheasl corner. 
I'his area is known as the southeastern cnibayment of the Anadarko 
basin, and it contains the "golden trend,” a row of fields which crosses 
Garvin County from southeast to northwest and runs on into McClain 
and Grady counties. The producing formations are deep in the 
embayment, and one well is producing from a depth of 13,2.50 feet. 
The Ardmore basin, lying to the south of the southeast embayment, 

Anon., "Oklahoinn: Fitly Vears of Oil.” 7'he Lamp, Vol. 29 (Novcmlicr, 1947). 
l». 2G, 
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ha.s produced oil for many years and is also being successfully explored 
for deeper reservoirs. 

Practically the entire evolution of prospecting techniques has taken 
place in Oklahoma. In the booming years from 1915 to 1920 the 
plane table and alidade were the tools of the geologist’s trade, and 
during thai relatively short space of time most of the bed-rock struc¬ 
tures mappable by surface surveys were found. Subsequently and to 
some extent concurrently the core drill made its appearance, to be 
soon followed and in part superseded by geophysical instruments. 



At |)resent the seismograph is the most favored method of exploration 
in new territory, and the gravity meter is seioiul in preference. Core 
drills are still employed in the western part of the state. New discov¬ 
eries within the older districts have been largely due to subsurface 
geology. 

Oklahoma contains examples of ])raclically all types of tectonic 
features. It has major uplifts, basins of deposition, geosynclines that 
have been tightly folded and thriist-fanlted, some profound uncon¬ 
formities, and convergence tm a grand scale, and is even oveila|)ped 
by sediments of the Gulf Coast embayment in the southeastern corner. 
Wellman mapped fourteen distinct tectonic districts in Oklahoma 
(Fig. 114). 

rile major positive features in Oklahoma are the Ozark uplift to 
the northeast and the Ouachita-Arbuckle and Wichita uplifts in south- 

nL’iin C. Wellman. ‘‘DcvelnpnieiUs in Oklahoma in 1948," Bull. Am. Assoc. 
Petrol. Gen!., Vnl. (June, 1919), p. 894. 
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ern Oklahoma. The highest point on the Ozark uplift is in southern 
Missouri. Northeastern Oklahoma lies on the southwest flank of this 
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I, Washin^ioii Cduiily. 
li, Ciarviii Ct)iiiiiy. 

tJ, MtClhiin Cnuiiiy. 

I). Ciratly Cnuiily. 

IC, Osage Couiily. 

/*, rawiirt* (aMiiity. 

G, Kay County. 

H, l*iiiiiutuc Cuiiiily. 

!, Wiioihvanl (bounty. 

J, Heaver tiiMinty. 

K, (^Ii'velanil Ciniiity. 

L, Heikliaiii Couiily. 

M, CDlinn Cdiiniy- 
A', Major County. 

1, Arcatlia-Cooii Creek oil field. 

2, Burbank nil field. 

Crincrville oil field. 

1, Ciirtiberlaiul oil field. 

T). (aisliing oil field. 

G, Davenport oil field. 

7. Dora oil field. 

8. East Tiiskngcc oil field, 
n, Fittji oil field. 


10. (.Inin oil field. 

11. (ndden Irend oil fields. 

12. Healdlon oil field. 

IM. Jesse oil lielil. 

M, Mnirison oil field. 

Ifi, Oklalioina Cily oil field. 

Ifi, Olyinpir oil liidd. 

17, Kainse\ oil field. 

18, Red I'oik oil fielrl. 
in, Ringwooil oil fii'lil. 

20, Crealer .Seiiiiiinie oil field. 
20«. Seiiiiiirde Cily oil field. 
20/;. Eaiisboro oil field. 

20r, Bowlegs nil field. 

20r/, Lillie Ri\er oil field. 

20e. .Mission oil fiehl. 

20/, .St. Louis oil field. 

21, Sliolcni-Alerheni nil field. 

22, .Soulli Burbank oil field. 
2.^. 7'alum.s oil field. 

21, 'I'onkawa oil field. 

2-i. Velma oil field. 

2fi, We.st Edmond oil field. 


uplift. The Ouachita gcusyncline and uplift crosses Arkansas and the 
eastern part of southern Oklahoma. It is succeeded to the west by 
the Arbucklc Mountain geo.synclinc and uplift, and the Wichita 
Mniintains lie still farther to the west. 
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Major negative features in Oklahoma inrlude especially the Ana- 
ilarko basin which rovers the i^reater part of western Oklahoma, the 
McAJester roal basin which lies immediately to the north of the 
Ouachita Mountains in easi-icniral Oklahoma, and the Ardmore basin 
southwest of the Arbuckles. The Ardmore basin connects with the 
Anadarko basin to the northw’est by a narrow^ jjassaf^eway made pos¬ 
sible by an ollset between the Arbuckle and Wichita Mountain axes, 
'riie down warp of the eastern part of southernmost Oklahoma per¬ 
mitted the invasion of Cretaceous seas durinf^ the early history of the 
Gulf embayment. 

Twr) intennedialc features are of utmost importance as oil-producin| 2 f 
territory: the Northern Oklahoma platform and the Nemaha uplift, 
'riie former has been called the Hunton arch at its smithern end north 
of the Arbuckle Mountains and the CJiautau(]ua arch at its northern 
end. It is the structural divide betw^een the McAlester l)asin on the 
east and the Anadarko basin on the west, and, at the same time, it is 
the saddle between the Arbuckle and the O/ark uplifts. Fhe west 
side of the Northern Oklahrnna ])lailorm is sharply delineated by 
the Nemaha Ridji];e. 1 his uplift, whiih locally elevates the basement 
crystalline rocks some hundreds of feet above their normal levels, is a 
continuation of the feature of the same name in Kansas. Althouf^h 
buried to a fjrpeater depth than to the north, the Nemaha uplift in 
Oklahoma is a ery similar tectonically, includin|r r series of faults alon>r 
the crest with the tlro])|)ed side to the east. The sieeji dips on the 
west side of the uplift lead directly into the Anadarko basin. 

riie ^eolo^ic history of this j)art of the Mid-Camtinent has been 
marked by breaks in the def)ositinnal record accompanied by diastro- 
jihism, uplift, and erosion, which has resulted in several major un¬ 
conformities. The greatest of these is the one beneath the Mississip- 
pian rocks; the |jre-Chaitauooga formations are truncated over a 
wide area (Fig. 22). 1 he Ouachita geosyncline was an active trough 
of deposition in Pennsylvanian time, so that, while sediments of 2700 
feet thick were being deposited in northern Oklahoma, 23,000 feet 
of rock were being laid ilown close to the axis of the Ouachita trough. 
The Pennsylvanian sediments also change in lithology from north 
to south; in northern Oklahoma they arc mainly shales and limestones, 
and in the geosyncline they are shales and sandstones. 

One major rea.son for the prolificacy of many of the Oklahoma oil 
pools is the large number of reservoirs that ran be found in a single 
field. For example, the Cushing, Garber, East SeiniiU)le, and St. 
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Louis fields prodiue from at least six separate formations. Garber 
has produced from as many as fourteen dillereni reservoirs. The aj^e 
of the oil- and f^as-producing rocks in Oklahoma range from Ordovician 
to Pennsylvanian. Most important are the "granite wash" at the 
base of the sedimentary section which is the reason for the active 
exploration today on the southwestern flank of the Anadarko basin, 
the Arbuckle, or "Siliceous Lime" of Camhro-Ordovician age, the 
Simpson formation (Ordovician) which contains the most productive 
oil reservoirs in the state, the Ordovician Viola limestone, the Siluro- 
Dcvonian Hunt on limestone, various sandstones lying within the 
Cherokee shale of Pennsylvanian age which are |)rolific reservoirs in 
northeastern Oklahoma, and ihe Deese saiulstones, also Pennsylvanian, 
which carry large quantities of oil in the southeaMern j)art of the 
Anadarko basin. 

As would be expected, the involved geological history of Oklahoma 
has ])reseiiicd this area with a considerahie variety of accumulation 
trajjs. In the northern part of the Oklahoma platform, south of 
similar types of prtidiiciion in Kansas, the sandstone reservoirs lying 
within the (Cherokee shale tend to be lenticular and even shoestring 
in forni. Some of the great accumulations that focused attenLif)n 
on Oklahoina in the second decade of the present century are due to 
the up-di|) wcdgeout iif thick CJierokee sandstones, or of the porosity 
within the sandstones. There are also anticlinal accumulations where 
these sandstones jiossess lateral continuity of poiaisiiy. The majf)r 
unconformities are responsible for the liapj)iiig of oil in many fields, 
especially along the Nemaha uplift and to the south in the smith- 
eastern part in the Anadarko basin. Oi dovician and Siliii o-Devonian 
reservoir roiks wedge out beneath a cap of overla])f3ing Pennsylvanian 
sedinients in a part of this area, and in other jjlaces Ih-nnsylvanian 
reservoirs abut against the Hanks of hills comjjosed of older rock. 

The si/e and the unusual character of many of the varying- 
jjernieability-trap fields have given a very jjromiiient place to this 
type of accumulation in Oklahoma. However, the simple, old- 
fashioned anticline has also produced much oil.^'* Most of the older 
fields of Oklahoma arc of this type, and in some of the largest fields, 
including those composing the Seminole district, the greater part of 
the accumulation is anticlinal. 

»•'( Bess MilLs-Biilliinl, "Oil and Gas in OklulitJina; Dii^esl ot Oklahoma Oil and 
Gas Fields, ’ Okla. GeoL Siiriffy, Hull. 40 Q G. W. 1 oiiilinsnii, ‘‘Rulaliuii 

ot Oil anil (jas Aitiimiilalion lo (^roln^ic StriiLUire in Ihe Mid-GoiiliiiL*nl Region,” 
Problems of Petroleum Geohif^' (Ain. Assuc. Pclrol. Geol., 19,St), pp. Ti? 1-579. 
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There is no universally accepted division of the oil and gas fields 
ol Oklahoma by districts. In the regional survey that follows, the 
fields are grouped into districts based on geographic and tectonic 
position, plus the geologic age of the dominant reservoir rocks. The 
northeast Oklahoma platform is broken down into two districts, a 
northern and a southern. In the northern district the emphasis is 
on Cherokee sand reservoirs; in the southern, the greater part of the 
production comes from deeper and older reservoirs. The third district 
covers the axis and upper flanks of the Nemaha granite ridge. The 
fourth includes the north side of the Arbuckle Mountains, the south¬ 
eastern embayment ol the Anadarko basin, and the south side of the 
Paul s Valley uplift. The fifth district is the Ardmore basin, and 
the sixth is the Anadarko liasiii exclusive of the southeastern embay¬ 
ment btil including the Oklahoma panhandle. A seventh district, 
the A^IcAlestcr coal basin, produces gas only Ironi folded Pennsylvanian 
sandstones in the Arkansas River Valley near the eastern edge of the 
state.Still another district, recently opened up, is the Marietta basin 
south ol ihe Wichita-Criiier Mills u])lift. Oil is being j^roduced from 
shallow reservoirs in a number of recently discovered pools in Cotton 
(bounty.”® 

Northeastern Oklahoma. This is the discovery district for Okla¬ 
homa. At the northern end of the northeastern Oklahoma platform 
most of the arciiimilation has been in lenticular sands of the Cherokee 
formation of Pennsylvanian age. Because of the westward dip of the 
strata the dejjths to these reservoirs becomes greater from east to west 
across the district. Fairly ty|)ical of the district is the Red Fork shoe¬ 
string sand ])nol»» which occupies parts of Pawnee, Creek, and Tulsa 
counties. This field was discovered in 192^1. The reservoir rock is 
the Red Fork sandstone, which is the approximate etpiivalcnt of the 
Burbank, another Cherokee sand lying a short distance above the 
level of the Bartlesville sand. The Red Fork field is more than 10 
miles long in a north-northwest direction and varies in width from 
one well location to half a mile. It differs from other shoestring 
sand bodies in that it does contain some water, and where the elongate 

Karl (;. Cnlioii, "Naiiir:il Oas in Arkansas IV.isin of Kasiern Oklahoma,'’ 
('•colony uf SritiDfil Gfij (Am. Assoc. Petrol. Gcol.. 103.5). pp. 511-532. 

IHIULVS n. Pate, ■•CiilUiii Cminly. Poor Boys’ Paiailisc,” World Oil, Vol. 128 
(Oiiohci, in IS), pp. 122-12(i. 

«'• Raiulall Wright, "Rcil Fork Shoestring Sand Pool, Pawnee, Creek, and Tulsa 
Cniiiiiii's. Nnriheasiern Oklahoma,” .Sliri/igiYryi/fir 7'vpr Oil fieldi (Am Assoc Petrol 
(ieol.. IDll), pp. 473-491. 
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sand lens crosses a syncline it is filled with water. There is no water 
drive, however, and the water present appears to he ronipletely sealed 
in alonf^ with the oil. As is true of the other shoestring sand accumu¬ 
lations the most logical conclusion is that the nil entered the porous 
and permeable sandstone during the compaction of the surrounding 
organic Cherokee shale. The reason for the water may be that insuf¬ 
ficient oil was injected into the sand to displace completely all the 
water present. 

Farther to the w'cst in northernmost Oklahoma is Osage County 
with its many oil fields, including the famous Burbank. '" The Bur¬ 
bank and South Burbank pools produce from the Biirliank sand which 
lies at a depth of about 2H()() feet and has an average thickness of 
57 feet. "I’his sand occurs in the lotver part of the Cherokee shale 
formation of Pennsylvanian age. In these pools the sandstone reservoir 
rock, although lenticular in shape, is imuh larger than the oil 
accumulation and is filled with water down ilip below the oil. 'I'he 
regional dip is westward, and the oil has been impounded by the 
iijMlip Icnsiiig out of the Burbank sand. In the main Burbank pool, 
above the level of the oil-water interface, there does not appear to be 
any relationship between the occurrence of oil and the local siructiirc, 
but in the South Burbank pool a gas raj) has acriiiniilated in the 
structurally highest parts of the hydrocarbon-filled reservoir rock. 

The great Glenn jjool lies to the south of Burbank in eastern Creek 
(bounty.I’his field, disctivered in inOh, was the first major oil jiool 
in Oklahoma. The reservoir rock is the Bartlesville (Glenn) sand¬ 
stone, which also lies within the Pennsylvanian Cherokee shale. 'Fhe 
depth of the reservoir is abrnii 1500 feet. Local sirucLiire is not 
im]:)ortant in controlling accumulation in this reservoir rock, but 
the regional structure and the lenticularity of the sand are of utmost 
iin])ortancc. As in the Burbank jjooI, the regional dip is to the 
westward and the oil has been trapped by the ujj-dij) lensing out of 
the sandstone. However, there is some production from the deeper 

B7 N. \V. Bass, H. B. Goodrich, and W. R. Dillard, ".Subsurface Geology and Oil 
and Gas Resoiirrc.s of Q.sagc Gouiiiy, Oklahoma," U. S. Gcr)l. Survey, Hull. 900 
n942): J. Mervillc Sands, "Biirhank Field, Osage Cnuniy, Oklahoma," Bull. Am. 
J,vjor. Petrol. GeoL, \o\. II fOtlohcr, 1927), pp. 101.5-10.54; E. O. Markham and 
L. C. Lamar, "Soulh Burbank Pool, 0.sage County, Oklahoma," Bull. Am. Assoc. 
Petrol. CeoL, Vol. 21 (May. 1937). pp. 560-.579: H. T. Beckwith. "Oil and Ca.s in 
Oklahoma; Geology of Osage County,” Okla. Gcol. Survey, Bull. 40 T (192B). 

«« W. B. Wilson, "Geology of Glenn PikjI of Oklahoma,” Structure of Typical 
imerican Oil Pielfls (Am. .Assoc. Petrol. Gcol., 1.929), Vol. 1, pp. 230-242. 
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Mounds (“Wilcox") sandstone of Ordovician age in which accumula 
t/on is entirely anticlinal. 

The Ciiahing held in western Creek County is the second held 
in Oklahoma in cumulative production. The structure is a pre- 
Pcnnsylvanian bald-headed anticline 20 miles in length overlapped 
by Pennsylvanian sediments. The Pennsylvanian formations are like¬ 
wise anticlinal in slrurturc, owing to recurrent movement. The 
reservoirs include seven Pennsylvanian sandstones and, beneath the 
unconformity, Ordovician sands and the Cambro-Ordovician Arbuckle 
dolomite. One Pennsylvanian "sand" is in reality an t)blite. Below, 
in the Cherokee shale, is the Bartlesville sandstone, which was oil¬ 
bearing over the entire anticlinal crest, loxeriiig an area of 28 square 
miles. 'I'he Ordovician sands produced only from the tops of the 
domes superimposed uj)on the anticlinal axis, ami the Arbuckle carried 
oil on one dome only where the overlying Ordovician sandstones had 
been removed during the pre Pennsylvanian erosion interval. Much 
the greater part of the trapping at Cushing is anliclinal, but in the 
(dder reservoirs sealing of the truncated domes by overlap has been 
necessary. 

A lens, the Prue, lying at the toj) of the C^.herokee shale above the 
Bartlesville sanilstone, has trapped and is J3rt)dui ing oil in the Daven¬ 
port field in Lincoln County,*'" in the western jiarl of the district. 

Central and Southern Oklahoma Platform. Trapi^ing in lenticular 
sandstones is not confined to the northern end of the northeast Okla¬ 
homa platform. It is also found to the south, in the central and 
southern jiarts of the platform. Examples include the Dora and 
Olympic pools. The Dora pool is in the so-called "Greater Seminole 
district” but is not a structural accumulation as are most of the others 
in this area. The producing sand, locally called the "Dora," is in the 
'riuirnian formation of Lower Pennsylvanian age. It occurs at depths 
ranging from 2750 to 3000 feet and has a maximum thickness of about 
100 feet. The Dora is an irregular-shaped lens lying on a northwest 
dipping monocline. The reservoir sandstone is completely surrounded 
by shale, and it is believed that these shales arc also the source rock 
for the oil trapped wdthin the sand lens. 

f*** T. E. Weiricli, "Cushing Oil and Gas Field, Creek Countv, Oklahoma,” Struc¬ 
ture of Typical American Oil Fields (.Xni. .Xssnr. l*eirnl. Gcnl., 1921)), A'ol. 2, pp. 
M96-10C. 

floSiaiiley D. White, ‘‘Davenport Field, Lincoln County, Oklahoma,” Stratiffraphic 
Type Oil fields (Am. Assoc. Petrol. Gcol., 1911), pp. 3H6-407. 

W. I. Inf^ham, “Dora Oil Pool, Seminole County, Oklahoma," Stratigraphic 
Type Oil Fields (.\m. Assoc. Petrol. Geol., 1941), pp. 40B-435. 
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The Olympic pool protluces from a sand in ihe Senora formation 
of Pennsylvanian age which is slightly younger than the Thiirnian. 
Aminiulation is very similar to that at Dora. I'lie reservoir is a 
sand bar measuring about miles long with a maximum width of 
P4 miles. 'The sandstone interfingers with shale at its lateral margins. 

Both “stratigraphic” and structural trajiping are illustrated in the 
East Tuskegee pool,“^ wdiich lies north of the Olympic pool. Oil in 
the Ordovician “Wilcox” sandstone is cunfined to two structural domes, 
but in the higher Misener sand (basal Mississipjjian) wells drilled at 
the apices of the domes have failed to find oil because of local lack 
of permeability in this reservoir. Misener produiliou is confined to 
the flanks of the domes. 

One of the greatest concentrations of oil in the country has been 
in the Greater Seminole district of Seminole and Pottawatamic coun¬ 
ties.Among the more imporiant j)ools in the Greater Seminole 
district arc the Seminole City, Searight, Karlsboro. Bowlegs, Uttle 
River, Mission, and St. l.ouis. The discovery and develojjiiient of 
these pools in nJ2fi and the years immediately following led lo serious 
overproduction in the Mid-Continent. At the height of production 
the Seminole district yielded 500,000 barrels of oil daily. The oil 
accumulation in this area is largely in Silurian, Devonian, and Ordo¬ 
vician reservoirs. I he trapping is anticlinal, with the domes al the 
Ordovician level having i Insures of several hundreds of feet. However, 
the surface Pennsylvanian rocks show little or no closure, which 
explains why these fields were not discovered earlier. 

To the northwest, east of the Nemaha uplift, are other accumula¬ 
tions of the structural type. One of these, the Arcadia-Coon Creek 
field in Oklahoma and Logan counties, is described and illustrated 
ill Chapter H (Eig. .H.^) as an example of anticlinal trapping. Another 
examjile is the Ramsey oil pool,^'*"’ which jiroduces from a .Simpson 

B-\V. Rvese Dilliiril, “Olvmpic Punl, Hughes ;iii[l Okliiskee Counlies, Oklahiima." 
Slrnli^}fif)fiic Type Oil Fields (Am. Assoc, rcirol. 1!MJ). pji. '15&-172: Allen W. 

'rillutsiiii, "Olympic Pool, Hughes anil Okruskee Couiuics, Oklahoma," Hull. Arn. 
Assoc. Petrol. GeoL, Vol. 22 (November, vm), pp. 157.9-ir)K7. 

•'■■‘Joseph L. Borden and Ralph A. Brani, “East Tuskegee Pool, Creek CouiUy, 
Oklahoma," Stratigraphic Type Oil Fields (Am. Assoc. Petrol. Geol., ID-ll), pp. 
^30-15.5. 

A. I. Levorsen, "Greater .Seminole District, .Seminole and Pollawalamie Counties, 
Oklahoma," Structure of Typical American Oil Fields (Am. Assoc. Petrol. Geol., 
192D). Vol. 2, pp. .3iri-3til; H. L. Rau and K. A. Ackley, "Geology and Development 
of Keokuk Pool, .Seminole and Pottawatamic Counties, Oklahoma," Bull. Am. A,isoc. 
Petrol. Geol., Vol. 23 (I elmiary, 1939), pp. 220-215. 

B5 V. L. Frost, "Ramsey Oil Pool, Payne County, Oklahoma," Bull. Am. Assoc. 
Petrol. Geol., Vol. 24 (November, 1910), pp. 199.5-2005. 
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(Ordovician) sandstone folded into an almost circular dome faulted 
on the east flank. The dome has been truncated; about 130 feet of 
Mississippian limestone is absent across the top of the fold as the 
result of pre-Pennsylvanian erosion. The closure in the Simpson 
exceeds 200 feet, and wells have penetrated as much as IBH feet of 
oil-saturated sand. The fault on the east flank does not appear to 
have interfered with accumulation. 

The Morrison and other fields in Pawnee and Kay counties are 
addititmal examples of anticlinal trapping in this district. 

Nemaha Uplift. The Nemaha uplift extends into Oklahoma from 
Kansas and occupies a relatively narrow belt southward from Kay 
across pans of Grant, Garfield, Noble, Logan, and Oklahoma counties. 
The two greatest fields in this district, Oklahoma City (Fig. 79) and 
West Edmond, were described in some detail in Chapter B. These fields 
are outstanding examples of trapping by folding, truncation, and 
overlap. Oklahoma City is by far the largest field in Oklahoma in 
cumulative production, and it ranked second among individual fields 
in annual output in 1919. Another well-known field on the uplift 
is the Tonkawa.*'" This field is also a faulted and truncated anticline 
in the pre-Pennsylvanian which has been overlaj)ped by Pcnnsvlvanian 
sedimcnis. 'Fhe core of the pre-Pennsylvanian anticline is pre- 
Cambrian crystalline rock. The fold is reflected above the uncon¬ 
formity by the arched structure of the Pennsylvanian and Permian 
sediments. The Penn.syh anian section is about 3000 feel in ihirkness 
and contains a number of producing sandstones, of which two have 
yielded important tjuantiiies of gas and six have been commercial 
sources of oil. I he irajiping in these reservoirs is entirely anticlinal. 
The principal oil reservoirs at 'I'onkawa, however, are sandstones in 
the Simpson: trapping is due to a coiiibination of sirucliire and overla[) 
seal. Some oil is also obtained from the crest of the buried anticline 
in the Arbiickle (“siliceous lime”) formation of Cambro-Ordovician 
age. 

North Arbuckle District. Diastrophism on the north flank of the 
Arbucklcs has been intense, resulting in tight folding and overthrusi 
faulting. In the northwest corner of the district the sediments of the 
Anadarko basin lap up on the Hanks of Paul’s Valley uplift. The 

Dll KvereU Carpciilcr, “The Miiiriscm rield. Pawiicc C'.ouiUv, Uklalionia,” Hull. 
-Im. .-tj-Vfir. Pvtrul. (JffW., A’ol. 11 (Ortnber, IDST). pp. I087-I0!)(i. 

07 Cilcnii C. Clark., “WiUox .Sami ProiUicLinn. 1 uiikawa Field, Oklahuma,'' BuU. 
-Jw. Assoc. Petrol. Geol.. \’ol. 10 (SeptemhEr. 1926), pp. 8H5-B91. 
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discovery of oil in the Fitts pool in 1933 opened up this structurally 
complicated area for exploration. The Fitts pool is notable on account 
of its structural character as well as its unusual lunnber of prolific 
reservoirs. A ecu null a ti on has taken place in a faulted anticline which 
lies within a gfraben on the north flank of the Arbuckle Mountain 
complex. Production is limited on the west and south by faults. 
The reservoir rocks lie within the Atoka (Pennsylvanian), Hun ton 
(Siluro-Devonian), and the Viola, Bromide, and McLish (all Ordo¬ 
vician) formations. The Atoka reservoir is a thick sandstone, and 
it has produced great quantities of gas as well as oil. I he Huntoii 
contains two limestone reservoirs, one at the top and one at the 
bottom. The Viola limestone and various sandstones in the Bromide 
and in the upper McLish formations constitute a section nearly 800 
feet thick which is classified as a single reservoir. The fifth or basal 
McLish sand is 200 feet thick and has an average productive thickness 
of ii) feet. 

The nearby Jesse pool is very similar structurally and stratigraphi- 
cally to the Fitts pool. The trapping is due to the presence of a 
large anticline which is faulted on the south (Arbiukle Mountain) 
side. The faulting consists of a series of parallel ste|) faults with the 
down side on the south flank of the anticline. Because of this fauli 
zone, production is confined to the crest and north sides of the fold. 

Southeast Anadarko Basin. Still newer discoveries have been made 
in the southeastern embayment of the Anadarko basin on the flanks 
of the Paul’s Valley uplift. This very active zone lies in Garvin 
Gounly some distance west of the Pontotoc County fields. Here are 
the “Golden Trend” fields which produce mainly fnnii the Deese 
sands as they abut against the older rocks flanking the Paul'.s Valley 
uplift. This type of trapping is illustrated in C^hapter H (Fig. 80) as 
an exanijde of sealing by offlap. The priols of the Golden Frend 
produced over 1.5 million barrels of oil in 1919, making this the greatest 
producing area in Oklahoma for that year. 

Ardmore Basin. 'Lhc Ardmore basin district lies to the south of the 
Arbuckle Mountains and extends northwest between the offset ends 

Dnn L. Hyail, '‘J*iL‘liiniii:iiy Report iin ihc Tills PimjI, I’nninlDC Cuiinly, 
Oklahnnia/' linll. Am. As.wc. Petrol. Ceol., Vol. 20 (July, 1936), pp, 951-974. 

00 W. Baxter Boyd, “Jesse I’nril, TontoiDc and Cnal Countie.s, Oklahnma," Bull. 
Am. Assoc. Petrol. Geol., Vnl. 22 (November. 193B), pp. 1560-157H. 

!»□ Rnbcrl M. Swesnik. “Gulden 'Treiid of .Suulh-Ccniral Oklahoma,'’ Bull. Am. 
Assoc. Petrol. Geol.j Vol. .34 (March, 1950), pp. 380—422; Robert R. Wheeler, “Golden 
Trend of Oklahoma-Currciil Probleins,” Bull. Am. Assoc. Petrol. Geo/., Vol. 34 
(June, 1950), pp. 1287-1292. 
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of the Arburkle and Wichita uplifts into the southeastern corner of 
ihc Anadarko basin iininediatcly south of the Golden Trend i^roup 
of oil pools. Like the north side of the Arl)uckles this district is one 
of intense diastrnphism, includiuj^ faulting; with displacements meas¬ 
ured in the thousands of feel. At the east end of the district in Bryan 
and Marshall counties is the Cumberland oil field, which is illustrated 
and described in the preredinjiT chapter (Fif*. 3fi) as an example of 
anticlinal accumulation. Carter County, in the cenier of the district, 
contains older fields includin/^ Healdton, which illustrates anticlinal 
accumulation over a buried hill, Oinerville/"’ another anticline over 
a buried Ordovician hill, and the ratuiiis pool in wdiich, unlike 
the others, accunuilation is due to the abrupt termination of the 
Pennsylvanian reservoir sands a^^ainst an older hill upon which these 
sediments overlaj>. 

Still farther to the westward, in the narrow belt between the Ar- 
biickle and Wichita uplifts near the soulheasternmost |)oint of the 
Anadarko basin, is a zone of extremely complicated structure in which 
oil has been produced for many years. Duriiif^ and since World War 11 
a deeper drillin|^ program in this area has resulted in the discovery 
of some prolific reservoirs; some new fields have been found and some 
of the older fields have been regenerated. An example of a field 
restored to ]irr)duction is the Velma ])ool in Stephens County, which 
was originally develojjed in 1917 anti which as the result of new deep 
discoveries became ihe most iiTi[)ortant individual field in Oklalioina 
for 19^19 with a production of nearly 10 million barrels of nil. The 
Velma structure^"'* appears at ihe surface as a prominent norrhwest- 
southeast anliclinal ridji^c formed by red Permian sandstone. I he 
older |)roduction tame from the dcepei-arched Permian reservoirs, 
but tlie newer and more copicjus yield is beine; obtained from Pennsyl¬ 
vanian and older reservoirs which carry oil on the east Hank of the 
surface anticline. A profound anf^ular and erosional unconformiLy 
occurs beneath ihe veneer of Upper Pennsylvanian and Permian forma¬ 
tions, and the older rocks arc highly contorted and thrust-faulted. 

I'he Sholem-Alechem pool near by was discovered in 1923, but 
recent deeper developments are mainly responsible for its fi million 

ini Sidiii'Y I'lm-LMS. “Caiiicrvillc Oil riclii, Cailcr ri)iiiily, Oklaliniiia," Bull. Atn. 
Assur. Br/rn/. (irn/., \'iil. II (Oriiilier, l‘)27k |i|». 10fi7-I()S.'i. 

in-Cili*nii (iiiiiirs. "1'aliiiii.s I’lml. t’.arlLT ('.iiiiiily. Oklaliniiia," Bn//. Arn. Assifr. 
Br/rn/. (irnf.. ^’^l. 10 fManh, lO'Fi), pp. tOI-lIl. 

oia William W. Mallm v, “Riu:kv Mouncaiii Tvpc Sinn curt' al \'irliiia I’nnl. 
Sii'pliL'iis ('.niiiilv, Oklaluiina," H Oi/, Vol. 120 (julv I, 1010). pp. (iH-7K. 

no Harold R. Billiiyuslcv. ‘■Shokiii-.Ali^rlicin I’onl l*icst?ius Complex Cuolo^iral 
Piiciire." Il of/f/ Oi/. Vol. l.iO (Feb. 1. lOfiO), pp. (il-liO. 
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barrel yield in 1949, which placed it third in output for the year. 
4'his field is 9 miles lon^^ and as much as 2 miles wide. Its ref^eneraiion 
as an important source of oil was due to ihc discovery of oil in the 
deeper Sprintrer (Pennsylvanian) sandstones. The Sholem-Alecliein 
structure is a closely compressed anticline with a closure in ihe nei^^h- 
borhood of 1000 feet at the level of the deeper reservoirs. Il is crossed 
by several faults, but they do not limit production. Accumulation 
is entirely anticlinal. 

Anadarko Basin and Oklahoma Panhandle. I'his district is niiich 
lars^cr in area than any of the others. The potential n servoir rocks 
sa^ down to great depths in western Oklahoma; a well in Woodward 
C^ounty at one time held the depth record for the United Stales. 
So far, successful exploration has been confined mainly to the eastern 
side and to the northwest flank where lies the Hugoton gas field of 
southwesiern Kansas and Reaver County, Oklahoma. T his fiehl is 
described in the precetling section under Kansas. Several fields have 
been discovered recently north of Paul’s Valley uplift in McClain 
and Cleveland counties. Vo the northwest in central Kingfisher 
County, approximately 20 miles west of the West Kilmoiul field on 
the Nemaha uplift, a well has been drillial to a lolal depth of more 
than 9000 feet and is prodin ing gas and distillate Irom both Sjm|)son 
and Miinton reservoirs.’""’ Still farther norihwest, in easlern Major 
(iOunty, is the Ringwood field, discovered in 19*17 bin not actively 
developed until 194f). New discoveries ha\e also bei’u maile in Rcck- 
hani County, high on the southwesi flank of the Anadarko basin. 
Gas and distillate have been found in an arkosic Pennsylvanian saml- 
stone, “granite wash” Iroin off the Wichita ujjlift to the south, 'fhe 
depth is over 9200 feet.^"" 


Texas 

(Figures 117-118) 

The state of Texas is not only the leading oil-producing slate but 
also one of the great sources of world oil. During 1949 this state 
provided 42 per cent of the doniestic oil production and 22 per cent 
of the world’s output. I hc current 1 exas |)roduction approximately 

lor. Dc:in C. Wclliiiiin, "DuvelopmEnl.s in OklaliriiiKi in 19tH,'' Bull. Arn. Assoc. 
Petrol. GeoL, Vol. C|iinc. p- M02. 

iM'i Dean C. Wellman, op. cil., pp. 

i»7iVank A. HcMalti (cililor), “OLcuncncc of Oil amt Ga.s in 'Fexas (Progress 
Reporl),” Texas Bur. F.roji. ('wcol. fFcbruary, 19-19). 
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equals the combined output of Venezuela, the second country in world 
oil production, and Russia, the third country. 

Althoufjh some oil had been produced earlier, the first real develop¬ 
ment of the petroleum industry in Texas took place in 1891) with the 
discovery of oil in the Corsicana fault trap pool in Navarro County 
in what is now referred to as the East Texas district. It was the 
discovery of the prolific Spindlctop pool in 1901, however, which really 
focused attention upon the potentiality of Texas as an oil-producing 
state. The years immediately following were exciting ones in the Gulf 
Coast district, other large salt dome accumulations being found in 
rapid succession. I he next major event in Texas petroleum history 
was the discovery of the Rurkburneit and other large lields in northern 
Texas between 1911 and 1921. Concurrently, beginning in 1914, salt 
dome flank sands were found to carry oil in some of the Gulf Coast 
fjools, and exploration took on new vigor in that area. East Texas, 
the scene rif the initial Corsicana discovery, became an important 
source of oil beginning in 1922. In 1925 West Texas entered the 
production column in a big way, and a year later oil was discovered 
in the Panhandle district. The East Texas field itself, the greatest 
single accumulation yet to be found anywhere, w^as iliscovered in 1929. 
The Conroe field, which ushered in the era of deep supercap salt-dome 
discoveries in the Gulf Coast district, became productive in 19.^1. 

From the geologic map alone it is possible to divide Texas into 
two parts, Mesozoic and C^eno/oic Texas, and Paleozoic Texas, llic 
former includes all southern and eastern Texas; the outcropping rocks 
are either Comancheaii, Upper Cretaceous, or Eertiary formations 
w'hich were deposited in the Gulf embayrnent and which outcrop in 
bands that roughly parallel the present Gulf Coast shoreline. The 
rocks increase in age inland. Paleozoic I'exas extends over the rest 
of the state, covering northern and western 'Eexas, including the 
Panhandle. Here the Paleozoic rocks lie at the surface except where 
mantled by a veneer of continental Tertiary or younger fluviatile or 
eolian sediments. 

The most striking structural features of Texas are the Gulf embay- 
ment and tw'o uplifts, the Llano and the Marathon. I'he embayrnent 
is probably the north flank of a great salt basin now largely covered 
by the Gulf of Mexico.^In any event the sea floor sank as the 
Cretaceous and Tertiary sediments were deposited, so that the strati¬ 
graphic section along the present shoreline, when completely explored, 

ini’ Ckirciice 1.. Moody, nililress at liiiiversity of Michif^an, March 9, 1950. 
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probably will be found to measure somewhere between 45,000 and 
75,000 feet in thickness. Inland from the embayiiient arc the two 
uplifts named above, the Marathon in the southern part of WTstern 
Texas and the Llano in the Central Mineral Rcf^ioii of central Texas, 
plus a third uplift, the Ouachita of southeastern Oklahoma and south¬ 



western Arkansas. I'hese uplifts are similar in that erosion has 
exposed very old rocks toward the center, and dilferences in resistance 
to erosion have caused the development of a fairly rui^ged topof^aphy. 
Within the embayment are lesser down warps and upwarps and frac¬ 
tures. The southern part of the Texas Gulf embayment is furrowed 
by the Rio Grande synclinc. East Texas has the Tyler basin, a near¬ 
circular downwarp which interrupts locally the normal Gulfward dip. 
From the bottom of the Tyler basin the strata rise f^ently but con 
sistently eastward to the top of the Sabine uplift, a large dome with 
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its liijE^hest point in northwestern Louisiana. Toward the inner edge 
of the enihayment is a fault zone of great length. South of the Central 
Mineral Region this fault trend, referred to as the Balrones fault zone, 
is easterly. Farther east it turves around the C^entral Mineral Region, 
striking first northeast and then north. The Baltones zone appears 
to lose identity east of the Llano uplift, but another and similar fault 
zone knowm as the l.uling-Mexia, which is oHset slightly to the cast, 
takes its place and continues northward until n()rthwx\st of the Tyler 
basin, where it curves eastward through a 90"’ arc, proceeds east across 
northeastern Texas, and crosses the state line into southwestern 
Arkansas. On the north flank of the Tyler basin this fault zone is 
known as the 'Laho. 

North of the Llano uplift is the Bend llextiie or arch, which is in 
reality a northward-plunging spur of the uplift. This warping tt)ok 
plate during the Pennsylvanian, and younger Pennsylvanian and 
Permian sediments were deposited imconfonnably across the arch so 
that it is not disternihle on the areal geologic map. To the north 
is the east-west Red River uplift overlapping the Oklahoma line. 
7'his ujjlifl is separated from the Wiihita uplift still farther north 
by the Marietta basin of southwestern Oklahoma. On the northeast 
Hank of the Jieiul arch is first the Fort VV'orth syncline or basin and 
then the Muenster uplift. Both have a northwest-souLheast trend, 
rhe Muenster uplift appears to connect with the Wichita rather than 
with the adjacent Red River uplift. 

West of the Idano region ami north of the Marathan mountains 
is the great Permian basin of western Texas and southeastern New 
Mexico. This is in reality two major basins, the Midland to the 
northeast and the DehiAvare to the southwest, separated by the Central 
basin platform, a northwest-southeast trending residual feature which 
has resulted from the downwai ping of the basins on cither side. 

The Panhandle of Texas is cro.ssed from east to west by the Amarillo 
uplift which has a core of pre-Cambrian hills completely buried be¬ 
neath much younger sediments. Northeast of the Amarillo uplift is 
the southwest flank of the Anadarko basin of western Oklahoma. 

The stratigraphic sectiem in Paleozoic Texas has Permian rocks at 
the top in most places. These are largely limestones, dolomites, shales, 
and evaporites (including salt and even potash), and they reach great 
thicknesses in the West Texas basins. The Pennsylvanian is especially 
well represented in the Bend arch area with as much as GOOD feet 
of limestones and elastics. Rocks of Mississippian, Devonian, and 
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Silurian age are present in variruis parts ol this great area but are not 
very abundant. The Ordovician is widely present and of growing 
importance as a source of petroleum. 

The stratigraphic section in the Gulf C^oastal Plain has been thor¬ 
oughly sampled and studied as far as explored by drilling, but there 
is w'ithouL doubt an enormous thickness of rock yet to be penetrated 
by the drilling bit, especially close to and out beyond the present 
shoreline. The Quaternary is represented by Pleistorene sediments, 
and all the Tertiary epochs were times of abundant clastic deposit ion 
in this area. Upper and Lower Cretaceous sediments have not been 
reached by the drill in the coastal area but have been thoroughly 
explored in the interior of eastern Texas The Upper Cretaceous 
rocks include both clastic and carbonate deposits. The Coinanchean 
(i.ower Cretaceous) section contains not only elastics and carbonates 
but also anhydrites. Beneath the C^omaiichean is a thick Jurassic 
section which has been explored by deep drilling in recent years. 
This section was somewhat unexpected, for the Jurassic deposits in 
the ouicrop zone are relatively insigiiiricant. Below ihe Smaikover 
limestone of undoubted Jurassic age is a thick salt and red bed section 
which may be Jurassic or may be older (Permian?). Regardless of its 
geologic age this is prolrably ihe fonnalion that supplied the salt for 
not only the interior but also ibe coastal salt (Irmies. 

The oil and gas reservoirs in Texas range in age from Pliocene lo 
Ordovician. 'I’he Tertiary reservoirs are con(imil lo the Gulf Coast 
belt. Among the well-known producing formations nr /ones are the 
Catahoula of the Miocene, the Frio and Vicksburg of ilie Oligocene, 
and the McElroy, Cockfield, Pettics, Yegua, and Wilcox of the Eocene. 
The outstanding Upper Cretaceous reservoir is the Woodbine sand, 
which carries the oil of East T exas and most ol the fault pools. 
Permian carbonate rocks are the principal reservoirs in the Panhandle 
of Texas and in West Texas. I’he Slrawn, Bend, and other Pennsyl¬ 
vanian formations carry the oil in North and West Central Texas. 
The Ordovician Ellenburgcr limestone is the deep reservoir of West 
Texas. 

For many years geophysical prospecting has been used extensively 
in the Texas coastal plain. The seismograph was first used here as 
an exploration tool, and it is still the leading geophysical instrument. 
The gravity meter is also used, and the core drill too, but to a much 
less extent. Some surface work is done by means of pit digging to 
expose the bed rock. Outside of the coastal plain, subsurface geology 
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is the most common discovery technique, but the seismograph, the 
gravity meter, and the core drill also arc used. 

In the discussion that iollows, Texas has been divided into six 
districts (Fig. 119): East, Southeastern Gulf Coast, Southwest, North 



and West Central, West, and Panhandle. The basis for the division 
is largely geologic but partly geographic for greater expediency. The 
divisions are those followed by the Ihillrtin of the Ameriran Assorin- 
liofi of Pefroleitrn (Mcologists in its annual (June) review number 
devoted to exploration and development. This scheme is similar to, 
but not the exact equivalent of, various partitionings used by the 
Texas Railroad Commission (the state oil and gas regulatory body), 
the Oil Scouts, the Oil and Gas Journal, and the United States Bureau 
of Mines. 
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The East, Soutlieastern Gulf Coast, and Southwest districts all lie 
within the embaynient. I'hc other three districts arc in Paleozoic 
Texas. The west flank of the Sabine uplift, the Tyler basin, and 
the Mcxia-Talco fault zones are in the East Texas district. The 
Balcones fault zone and the Rio Grande syncline are in Southwx'st 
Texas. North and West Central Texas contain the Bend flexure and 
the Red River ujilift. The Delaware basin, Central basin platform, 
and Midland basin are all parts of West Texas. The Amarillo uplift 
and one corner of the Anadarko basin lie in the Panhandle district. 

These districts vary widely in importance in terms of oil production. 
In current production the West Texas district is at tlie top, followed 
by Southeastern Gulf, East, Southwest, North and West Central, and 
Panhandle, in the order named. The recent production of the Pan¬ 
handle district has been about one-eighth that of its neiglibor to the 
south, West Texas. In terms of overall (cumulative) production, East 
Texas is in first place, followx'd by Southeastern Gulf, West, North 
and West Central, SouthAvest, and Panhandle. The cumulative pro¬ 
duction of the Panhandle district is between one-fourth and one-fifth 
that of East Texas. 

The greatest individual oil pool in Texas if not in the world is the 
East Texas field, which by Jan. 1, 1050, had produced over 2]/, billion 
barrels of oil and will probably produce as much more before aban¬ 
donment. The Yates pool of West I'exas is second in cumulative 
production with about a third of a billion barrels. Almost as much 
oil has been produced from the various j)Ot)ls making up the Pan¬ 
handle field. Conroe, in the Gulf Coast, and Hendrick, in West 7\-xas. 
stand in fourth and fifth jdaces respectively in ciimiilative production 
through 1949. During 1949 East Texas was still the leading field 
with an output of nearly 100 million barrels of oil. The other leading 
fields for the year were Slaiighter-Leveland and Wasson in West Texas, 
and Hastings and Webster in the Southeastern Gulf Coast district. 

East Texas (Fig. 120). The East Texas district is bounded on the 
north by Oklahoma, on the northeast by a cfirner of Arkansas, and 
on the cast by Louisiana. 1 o the south is the .Southeastern Gulf Coast 
district, the two counties in the southwest corner of the district border 
on the Southwest Texas district, and directly west are the counties 
belonging in the West Central and North T exas district. The East 
Texas district includes forty-two counties, all of which except a few 
around the periphery produce oil or gas. Although the birthplace of 
the Texas oil industry was in Navarro County, where the first of the 
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^reat fault line pools was discovered in 1890, alter the remaining fault 
fields had been found additional discoveries were rather slow in com- 



I'lr:. 120. I'.asl I'cxiis 

.1, Niivarin C'liiiiiiy. 1, ('.rerk oil lii’lil. 7, QiiiLiiiaii oil liulil. 

/i, Miiiii r.oiinU. 2, Cailili) oil firld. H, Roilussa oil rif^kl. 

f.'. /aiull ('.oiiiily. .1. Kasi Tuxas oil lirlil. H, Sand rial oil fitld. 

J), Wmiil Cmiiilx. 1, Hawkins oil litld. 10. Talto oil fielil. 

/■;. I rankliii ('.onniy. fi, liofic oil lirld. 11, ^’an oil field, 

fi. Meii|;ali‘ oil lield. 

ing, and it was not until the discovery of ihc East Texas field itself in 
HkSO that the district once more became prominent. 

The East Eexas district lies in the Coastal Plain or Gulf embay- 
ment province. Its most promineiit teclonic features are the Sabine 
uplift which has its highest point in northwestern Louisiana, the 
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Tyler basin which occupies the niiihlle of the district, and the Mexia- 
'I alco fault zone wdiich trends in a northerly direct ion along the west 
side of the district and then turns east in Hunt County and crosses 
the northern end of the district. 

The most productive reservoir formation is the Woodbine sand¬ 
stone of lowermost Culfiaii (Upper Cretaceous) age. I he younger 
Cretaceous Nacatoch and the older (^omanchean l*ahixv iind Rodessa 
formations are other ini]jorLani reservoirs in the East I'exas district. 

Next to the phenomenal East Texas field the leading oil pool in 
cumulative jjiodiit tion in the district is the l alco. However, the field 
which led all others in production for IIMII. again exi hiding East 
Texas, was the Hawkins field. I he traps and other details of the 
local geology of the East I'exas. 'J’alco. and Hawkins lii lils are de¬ 
scribed in Cha])Lcr 8. East Fexas (Fig. 7(i) is used to ilhistiate wedge- 
outs due to truncation and overlap. Falco (Fig. til) is an excellent 
example of fault Liajjjjing, and Hawkins (fig. fil) shows donr.il ac¬ 
cumulation, jjrobaljly over a salt r-ore. 

On the east side of the F'ast Texas district are two major fields 
which arc partly in I'exas and partly in norllnvestern Louisiana. One 
of these is the C]addo field, which is an anticlinal accumulation lying 
close to the top of the Sabiiu' ujjlift. Only a relatively small part of 
the Caddo production has been obtained from the J'exas side of the 
line. "To the north is the elongate northeast-soul Invest Roilessa field, 
which has a greater acreage in Texas than in Louisiana but which 
has produced more oil on the Louisiana side of the line. Rodessa 
occupies the extreme northwest mriier of Louisiana and extends a 
short distance into Arkansas as well as into Texas. Several major 
fields lie on the western and northern sides of the East Texas distrid, 
where the Mexia I’alco fault zone has fui nished traps for oil ac cumu¬ 
lation. Among them, Irtnn south to norih, are the South firciesbeik, 
North Croesbeck, Mexia, Wortham, Currie, North Currie, Richland, 
and Powell (Fig. fi3) fields on the west side (Fig. 121) and the Talco on 
the north side. Two pools, both apparently small, have been discov¬ 
ered along this fault zf)ne a few' miles to the west of Talco.*““ 

Many discoveries have been made, mostly since the East Texas strike, 
in the Tyler basin between the F!ast Texas field and the Mexia-Talco 
fault zone. This basin also contains a nundjer of salt domes; in sev¬ 
eral of these the salt has been penetrated by exjjloratory wells, and in 
one, the Grand Saline in Van Zandt County, the salt is exploited by 

inn Donald T. Cn'b.snii, ■‘Dcvelojmiuiils in tasi I txas in 1949," Bull. Am. Assuc. 
Petrol. Geo/.. Vol. (Jiiiic, 19.50), p. 1173. 
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shaft mining^. One interior salt dome was found to be productive of 
oil and gas. This is the Boggy Creek (Fig. 122),”^* which lies fairly 
close to the axis of the T yler basin. 7'he salt occurs at a depth of 
about 2500 feet and has a depressed area across the top. This saucer 
shape extends to the surface and results in exposures of youngest rock 
in the center of the structure instead of older rock as is ihe usual rule. 
Oil and gas are produced from the Woodbine formation on the south¬ 
east flank d1 the dome where it has been dragged up and truncated by 
the intrusion of the salt core. 

Several other accumulalions in the Tyler basin are in anticlines 
which appear to owe their existence to the presence of deep-seated salt 
cores. Giin ity surveys across the Hawkins field report gravity niiiiiiiia 
at the center, which, with other criteria, indicate strongly the j)resence 
of salt at depth. The same is probably true of the Van field, in eastern 
V^an Zaiidt County, w'hich produces from a faulted anticline. 'Fhe 
Quitman oil field is also on a faulted aniicline, but considerably 
more ehmgate than cither the V^an or Hawkins striu tures. The 
Quitman anticline trends northeastward across west central Wood 
County for a distance of about 7 miles and has closure In the neigh¬ 
borhood of ,S()() feet. A narrow graben occurs along the axis of the 
anticline. Quitman protluces from two reservoirs, the relatively shal¬ 
low "Harris” sand of Upper Cretaceous age, and the deej)cr and 
more prolific Paliixy sand of C^omanchean age. Fhe axial graben 
appears U) be non-productive in the Harris zone but productive at 
the Paluxy level. Still another ai ciimiilalion in the Fast 'Fexas dis¬ 
trict in a faulted anticline is the Sand Flat field.*’- J’he New Hope 
field in Franklin County on the north Hank of the Tyler basin is, 
on the other hand, a simple, symmetrical anticline with no indications 
of faulting. The Merigale *^* field in Wood County, about miles 
southeast of the town of Quitman, is a fault accuinulation. I'he res¬ 
ervoir rock is a sandstone belonging in the Upper Cretaceous. It 
carries oil only on the upthrown (southeast) side of the fault. Ihe 

110 II. I- MrLcIlan, F. A. Wcndllaiidl, and I’.. A. Miinln'.sfni. “Bii|»|;y Creek Sail 
Dnme, AiiilErsDii and CliL-rukec Coiiiilies. 1 exas," Bull. Aw. Axsor. Petrol, (ieol., 
V[»l. 16 ()iiTiL'. 1L132), p|J. .5H1-Cinn. 

111 K. R. Scon. “()iiiliiian Oil l icld. Wood Coiinly. I exas," .Structure of Tyjnrnl 
American Oil fields (Am. Assoc. Pelnd. (ieol., 1!MK), \'ol. 3, pp. -119-131. 

11- L. I). llaiLell, "Saiid I lal l icld, Siiiilli Coiiniy, l ex,is," Bull. .4w. A\soc. Petrol. 
CmcoI., \'d1. 2H (Novenihcr, 191-1), pp. 10I7-161S. 

11^ R. -\. Slelir, "New Hope Field, Franklin (^oiiiily, Fexas," Bull. .1m. A.ssoc. 
Petrol. Geol., Vol. 29 (June, 1915), pp. 83lj-H39. 

114 A. C. Wright, “Merigale Field, Wood County, Texas," Bull. Am. Assoc. Petrol. 
GeoL, Vol. 29 (Dcceniher, 1945), pp. 1779-1780. 
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Fin. 122^. Suhsiirface slriicliirE cnnlDuiEd nii VVuodljiiiE (Upper ClrcLuceniis) saiid- 
sLuhe. Lower: cross seclinn, showing sail tiirE. Courtesy American /ljArJriri//or> nj 
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regional dip is southeasterly toward the axis of the East Texas geosyn¬ 
cline; oil moving up-dip through the reservoir rock became impounded 
in a plunging anticline by the impervious barrier which resulted from 
faulting. The Merigalc fault is purely a local feature lying some dis¬ 
tance basinward from the Mexia-Talco fault /one. 

Southeastern Texas Gulf Coast (Fig. 123).""’ This district is also 
called “the Upper Gulf Coast of Texas,” and the "Texas Salt Dome 
Province.” It continues without geological break across southern 
l.ouisiana. The Southeastern Texas Gulf Coast district contains 26 
counties and is bounded on the east by Louisiana, on the southeast 
by the Gulf of Mexico, on the southwest and west by the Southwestern 
Texas district, and on the north by the East I'exas district. 

The most productive part of the Srnitheastern Gulf district is the 
belt about three cnuntics wide bordering ihe Gidf shoreline. Farther 
to the interior is a /one parallel to the cf)ast in which very few discov¬ 
eries have been made. Still farther inland at the northern edge of 
the district are a nuinber of oil and gas pr)ols which are more closely 
allied geologically with the 'Fyler basin accuinulaiions of the East 
Fexas district than with those of the Gulf Coast. 

The Southeastern Gulf C^fiast district was discovered in H)01 when 
Caj)tain Lucas ilrilled in the first of many 7r),()00-barrel per-day wells 
in the Spindletop held. "Lhc reservoir was salt-dome cap rock, and 
several more prolific fields of this tyj)e were discovered during the 
next five years. In addition commercial sulfur deposits have been 
found in the cap rocks of Boling, Long Point, Bryan Mound, and 
Hoskins Mound. I he second birth date in the history of the salt- 
cloiiie district was the discovery in l‘Jl!) of Hank production from the 
uj)turned and truncated deeper strata around the periphery of the 
salt core, ^'hereafter the so-called piercenient domes were explored 
vigorously for Hank reservoirs. The discovery of Goose Creek in 1H17 
initiated ])roduction from the arched supercap strata above an assumed 
salt core at an unknown depth beneath. However, it was not until 
the development of the large Conroe field in 1931 that the search for 
this type of accumulation became intensive. Subsecpiently many fields 

|:iiiics I,. Itallnnl, “DevLlopmcnls in Upper (UilF Coast of Texas in 
/Irr//. ./iM. .‘/.v.^rir. I^rtrof. GpoI., \'nl. 31 (J'inc. IliriO), pp. llTD-linO; Frank J. (;aril- 
Mcr, Trxtis firi/f Oil (KiiiL'hart Oil News (’.n., Dallas, 11)48); Ceril W. Smith, 

"Ciiilf ('.nasi Oil l it’lils," Morhl Oil (Gulf Coast Issue), Vol. 130 (June, IflriO), pp. 
(iO-n;*: l*aiil H. l.p.'ivcnworili :iiu1 .Sidney A. I’aikans, |i., “Oil and Cias Dc\elopinciii.s 
ill llic Upper Chiir Coast During IMin," Am. Inst. Min. Met. Engineers. 11)19 Pro- 
cliiciion .Slatisiii's, Jour. PrlroL Tech., Vol. 2 (Jnnt-*, ID.iO), pp. 1I-2S. 
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of the deep-seated salt-core type have been found both in the South¬ 
eastern Texas and the Southern Louisiana Gulf Coast districts. 



Fir., 12.^. Sniitheaslmi 

.'i, Harris C'oiiiily. 

Ji, Galvcsloii Cmiiily. 

C, Jellcrson County. 

D, Chamljcrs County. 

1, Clay CrcL'k oil field. 

2, Conroe oil field. 

3, DainiJii Mound oil field. 

1, Ksperson oil field. 

.'i, Coo.se Creek oil field. 

6, Hardin oil field. 


Texas Cull Coasi index map. 

7, Hasliii^s nil lielil. 

H, Mi^li Islaiiil oil field. 

!). Hiti'licnrk nil field. 

10, Kaiy oil lielil. 

11. Rai'ciuiii lU’Mil nil lielil. 

12. SoulIi Col I on Lake oil field. 

13, Spinlllelnp oil field. 

11. .Siii'ailanil oil field. 

15. 1 liompson oil field. 

16, Webster oil field. 


A second type of trap in the Gulf Coast district is the Gulf Coast 
faulted anticline ilhrstrated in Chapter 8 by the West TejjetaLc field 
of Louisiana (Fig. 62). The faulting is parallel to the shoreline, and 
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the down block is on the Gulf side. The normal Gull ward dip is 
reversed immediately south of the fault so that some closure is present 
without the intervention of the fault plane. Hydrocarbons moving 
up the regional dip are caught in these anticlines parallel to the 
strike of the sedimentary strata. 

The Gulf Coast reservoir strata range in age from Miocene to 
Eocene. Among the more important producing zones are the Dis- 
(orhis, Heterostegina, and Marginulina of the Ujjper Oligocene, the 
Frio of the Lower 01igt)cenc\ the Vegiia-fiocklield of the Middle 
Eocene, and sandstones r)f the Lower Eocene Wih dx formation. 

'Lhe leading Stuttheastern 'Lexas Gulf (^oast fields in 1949 were, 
in descending order, the Hastings, Webster, Thompson, and Conroe. 
'I4ie (itjnroc is much the largest in cumulative production, bolh the 
Texas and l.ouisiana Gulf C^oast districts have been the scene of the 
discovery of many deej), high-pressure, gas-distillate fields. 'Lhese fields 
are notable for the large gas cap which contains, in addition to the 
usual gaseous compounds, liyilrocarbons that are liipiid at lesser j)res- 
sures. l hese licjuefy between the reservoir and the surface, and after 
r(‘aching the surface. I'he practice of returning the non-liL|uefiable 
gas to the reservoir in order to maintain reservoir pressure was de¬ 
scribed in Cha])tei' 

Four fields in the SoutheastcTii I'exas Gulf Coast are cited in Chap¬ 
ter 8 to illustrate various types of tra|)ping. Spindleiop (Fig. .’^7) shows 
both cap and flank accuinulation, Damon Mound (Fig. r)9) also illus¬ 
trates flank produc tion, and High Island (Fig. 58) shows accumulation 
beneath an oNcrhangiiig salt dome. The Conroe (Fig. 00) field is illics- 
trated in CJia|)tei 8 as an example of supercap ac cumidation. I’he 
first of the supei caj) fields to be disi civered, Goose C^reek,"'* is in Harris 
(anility about 25 miles southeast of Houston. This held was discov¬ 
ered by a Avell drilled in 1908 after a party of oil men, including a 
geologist, had noticed gas seeps in that area while on a fishing trip. 
The discovery well was completed at a dejjtli of 1000 feet for an initial 
prodiii tioii of 800 liarrcls. Further exjjloration was discouraging 
until 1910, when a 10,000-barrel well was brought in. and siibsec|iiently 
some Avells were rated as high as -15,000 barrels per day. Altliough 
production has been obtained from a luimbei of sandstone reservoirs 
lying at \ arious depths, no well has as yet penetrated the assumed salt 
core. .A notable feature at Goose CTeek has been the marked sub¬ 
sidence of I he surface overlying the center of the field. The land 

ni»H. K. Minni. ‘Cicuist: CrcL’k Oil riclil. HLinis Cniiiiiy, 'l ex'.i.s," Bull. Am. As.so(:. 
Prlrnl. GeoL, \’ol. fl (M:irLli-Apiil. lUS'i). pp. 2SG-2H7. 
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there orif^inally stood % foot to 2 feet above high tide, but after a 
roiijde of years of active exploitation the surfare had subsided until at 
high tide 2 to 3 feet ol water inundaled the central j)art of the oil 
field. This subsidence is thought to be due to the piiniping of sand 
and water (which causes dehydration of the clays) along with oil 
from the reservoir. 

1 he Raccoon Rend oil field is another siipercaj) accumidalion. 
Oil was discovered here in 1928, and this stiuciure likewise was 
thought to have a salt core, an assumption that ivas \ erified in 191fi 
when a well drilled to a de|)th of 11,117 feet cnteied salt."*' Ihe 
Sugarland oil field is another sujjerca]) liehl in Avhich the drill has 
|)euetrated the salt core. The CUay Creek sliIi dome is notable for 
its central de|jression with oil and gas ])rodiiced iiaim arr)uiid the 
rim of this niplikc structure, riie Kspersmi dome is unusual in 
that the salt core was thrust u])Avard at an angle sf» that ihe crest of 
the anticline in the overlying oil-bearing strata shills southward with 
depth. 

I he Katy field covers about 30,()()() acres and is one t)f the major 
gas-condensate arcumulatiojis so far disco\crcd in the United Slates. 
1 he trap is a broad, tin faulted dome. (>as coiuh'iisate and oil are 
|jioduced from six or niorc sandstone reservoirs lying in tlie Yegua 
(Kocene) formation between depths of 0250 and 7 ir»() feet. 

The Gulf Coast district also (oiitaiiis some varying-permeability 
traps. A part of the jjrodiiction in the Hardin field is obtained from 
a sand lens or bar which is a coni|)h‘tel\ enclosed and sealed reser¬ 
voir.'-' Idle Hitchcock field, in Galveston Coiinty, owes its tra])|)ing 

11" W. E. l’r:iu :inil I). \V. |nliiis(iii, Siilisiili'iirr nl llii* (ptinsf (lifuk Oil 

rirlil," Jour, (irr.'f., \'i>l. -11 fOt liilur-Nii\ i-iiihm , 1 Ill-Mi), |J|). riTT-rillO; 1,. C. SiiiilcT, "A 
Siiiinrsiuil Ifir llic SiiiTacT Siihsiilnii i* in llu- titinsi- Cn-rk Oil aiiil Cias 

Eii'ld ol Texas,'* /in//. .Im. -t.ssnr. rrtrol. Ccol, Vnl. II rjnly, 1!I27). iip. 7li[l-7-1.'>. 

"xE. J». Teas and (lliaiis R. Miller, "Racinnn Rrinl Oil liild, Anslin Cuiiiily, 
i L-xa-s, " i'.ofist ()i\ I'iclfl.s fAiii. Assoi. rLlii)l. fiifnl.. l.'llin), j)p. fi70-70K. 

11" H. ). Mi l.idlan, “Raminii IU*nrl Sail Dniiic-. Anslin CniiiiLy, Texas, " Jtull. Am. 
Assor. Prhnl. CtoL. \v\. 110 (Aiiiriisc, l!M(i), pp. H0(i-llU)7. 

i-» W. R. MiCai li r ami T. TI. O'Jlannnn, ■Sugarland Oil Eiidd, l oii Rmil rniiiily, 
Texas, ' C.filf Cnasl Oil ficlfl.s (Am. Assor. I’elrol. (ieol., IflSti). pp. 700 7.411. 

1^1 William Riivd Eeri;iisi)n and jnsepli W. Miiilim, 'Cllay Clreek Sail Donie. VVasli- 
in^lon CniiiUv, Texas," of), rit., p|j. 7.'i7-77[l. 

W. 1,. (iolilslmi. Jr., and (peori^c D. Scevens. ‘Esijersnii Dome, IJljerly Coiiiicy. 
Texas," of), rit., pp. H.j7-S7n. 

1^-1 .A. T. Allisnn. vt nl., "(ienln^y ol Kalv Tield, Waller, Marris, anil Tore Rend 
(auiniies, I exas," Hull. I)u. A.isor. JUtrol. UvoL, A’ol. .40 f'Teljrnary, l!Mti), pp. 1.57- 
IKO. 

12-1 S. Russell Casev. |i., and Ralph R. Oanirell. "Davis Sami I.ens. Hardin Field, 
Liberlv Cniinlv, 1 exas." Slrnli}!'rnphic Type Oil Fields lArn. Assor. Petrol. GeoT, 
1941). pp. .'104-59.0. 
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to donial structure on three sides and complete wedging-out of the 
reservoir sand on the fourth side.^-"’ 

It is in the Gulf Coast districts of Louisiana and U’exas that the 
reflection seismograph has had its greatest success. Most of the dis¬ 
coveries in recent years in this area have been due to a combination 
of seismograph surveying and subsurface geology. Gravity methods, 
using first the torsion balance and later the gravity meter, have also 
been successful. 'Lhe discovery f)f the South Cotton Lake field in 
H)37 followed an integrated approach, using the torsion balance, the 
reflection seismograph, and subsurface getilogy.^-" 

Although many of the fields along the I'exas Gulf are practically at 
the water’s edge, and there can be no doubt that oil-filled traps also 
lie beneath the o|jen waters of the (iulf of Mexico, offshore explora¬ 
tion on the Texas side of the I’exas-Louisiana boundary have so far 
been disappointing. Hy mid-llMn fourteen wells had been drilled 
and abandoned. One of these, in offshore Jefferson County, struck 
oil, and the discovery was named the Sabine Pass field. But tw'o 
offsets were tlry, anil the discovery well itself w^as abandoned after 
producing 11,,500 barrels of oil. Leases have been purchased to date 
for 33 areas off the Texas coast which lan be assumefl to i:over poten¬ 
tial oil-bearing structiiies.*-" Most of these are still untesteil. 

Southwest Texas (Fig. 121). The Southwestern Texas district,^-“ 
someiimes referred to as “South Texas,” contains fil counties. It is 
bordered on the southeast by the Gulf of Mexico, on the south and 
soutluvest by the Republic of Mexico, on the northwest by the West 
"Texas district, on the north by the Niirlh and West Central Texas 
district, and on the northeast and east by a corner of the East Texas 
district and the Southeastern 'Texas Gulf district. 

The "llirall held, a serpentine producer in Williamson County, 
w^as discovered in Lfllo. The Luling field, a fault accumulation also 
in the interior, was opened up in 1922. The first discoveries in the 
coastal part of the Southwestern 'Texas district wx're made in Refugio 
County in 1929. This county is still a leading oil-producing area. 

125 MUhcl T. Halbmity niul Ueiijainin T. Simninns, ‘‘HilchcDck Field, Calvcston 
Crninlv. Texas, Slunving Straligraphic AccumulaiiDii and Siruclure," op. cit., pp. 
filMidO. 

i2r-Jnseph M. Wilson, “Sniiih Cotlon Lake Field, Chanibcrs County, Texas,” 
Bull. .Ini. Assoc. Peirnl. Gro/.. Vol. 2.'» (October, 19-11). pp. 18.98-1920. 

127 |. Ht.|i Caisey, "Geology of Gulf Coastal Area and Continental .Shelf,” Bull. 
.Ini. .Issor. Prlrol. Geo/.. \’iil. .’l^l (March, 1950), p. 

Cecil W. Siiiiih, "Gulf Coast Oil Fields,” ff'orlci Oi7, \-d1. 130 (June, 1950). 
pp. 60-92. 
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A, WillinmsDii CLiiiiily. 

Bj Rcfu^in Coiiiily. 

C, Jim AVl'IIs r.nunLy. 

Dj l)iiv;il Coiiiily. 

E, \Vcl»h Cfiiiniy. 
f, J'.irksfiii CiJiiiuy. 

Gj Niiuccs Crjuiity. 

1, Aji^ua Diik'c-.Stralltin oil field. 

2, Clia|jmaii nil field. 

DarsL Creek oil field. 

4, nrisrnll oil field. 

5, Edna oil field. 

G, Goveriinieni Wells oil field. 


7, Crela oil IiL-ld. 

Hp HulTiiriiii oil field. 

9, La Kns:i oil field. 

10, Lope/ oil field. 

11, Liilin^ oil field. 

12, O’Hern oil field. 

13, Piilaii^ana sulliir dome. 

14, Rclu^io nil field. 

15, Saxel oil field. 

16, .SecliKsoii oil field. 

17, .Slitk-Wiliox oil field. 

18, Thrall nil field. 

19, Tom O’Coiiiior oil field. 

20, WesL Ranch oil field. 
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Most of the oil fields of the Southwest district occur in the eastern 
part in a zone cxtendiiifjr inland fnnii llie Gulf of Mexico to a depth 
of five or six counties. The oil fields within this zone tend to lie in 
trends parallel to the shoreline. Scralford subdivides the South¬ 
west Texas district by the geologic age of the producing formations. 
J’hesc subdivisions, named in order from the interior of the district 
outward toward the criast line, are; (1) pre-Cretacerms, (2) Cretaceous, 
(.S) lower Eocene, (4) upper Eocene, (5) lower Oligocene, (fi) upper 
Oligocene and low’cr Miocene. 

The nortliwestern side of the Southw’cst 'Texas district is dominated 
by the Tlano uplift, which (‘X])oses the pre-Cambrian crystalline rocks 
in the core of the Central Mineral Regir)n, and the jjlateau formed by 
the Edwards (Comanchean) limestone to the southwest. 

A proininenl tectonic feature in this area is the Ihilc*)nes fault zone, 
wdiich lies along the |jeri|)hery of the Edwards ])lateau t in viiig around 
the Llano uplift, southeast and east of the Central Mineral Region. 
It connects to the north, by a slight ollset, with the Mexia- Talco fault 
zone. Troduction in this zone is from Oetaceous rock, esjjecially the 
laiwx'r Cretaceous Edwards limestone, and fault tiapjjiiig is the ih)mi- 
iiaiit mode of at (umulalion. Southeast of this bell of older n)c ks is 
the Coastal ])litin. lloored by lJ|)per Cretai eous and Tertiary setliments 
dip|)ing and thickening Chilfwards. The south end of the district 
(ontains the Rio Ciraiide syncline, a southeastw ard-plunging striu tural 
trough, w'hich lauses the strike of the embayinent sediments to curve 
to the west in the southern part of the district. 

The reservoirs in the C.oasial zone of Souihwest Texas are similar 
in range and characteiistii s to those in the Southeastern Gulf district. 
Vhey are sands lying wilhin the lower Miocene, Oligocene, and 
Eocene. Of utmost importanic are the Oligoiene Frio and the 
Eocene Wilcox formations. In the inierior zone the Southwestern 
district produces from Tipper Oetaceous and Comanchean sandstones, 
limestones, and even serpentines. 

The leading fields in .Soutluvest I’exas in IIM!) wa‘re the Tom 
O’Connor, the Seeligsoii, and the Agua Diilce Stratton. These fields 
lie in a Frio (lowTr Oligocene) trend which runs parallel to the Gulf 
shoreline, northeasi from southern Jim AN’ells Ca)unty to Refugio 
County. Extending inland from the coast in the southern part of the 
district is an isolated group of salt domes (Fig. 51) in which the salt 

I'-f Rriirc Si’i'iiirnril, "ni*VflfipmiMils in Sniiih rexas in Dull. /Iin. /t.wor. 

Petnil. \’nl. 3-1 (jiinc. pp. II.'iS-llGD. 
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cores have been penetrated by the drill. One ol these salt domes, 
Palaiif^ana, loniains lajMoik siillnr. It is quite jxxssible that the 
iio-salt-dome area between the sniithwesteni |i>r()iij) and the salt domes 
ol the Southeastern I exas Gull Coast disirii t is merely a belt in which 
the tops ol the salt cores lie at such depths ilial they have not yet been 
struck in drilling). Many of the prodiuiiii* anticlines and domes 
in the Tertiary producing belt of Southwest 1 e\as have all the ear- 
maiks of salt-cored stnu tures, and eventually salt cores mav be discov¬ 
ered across this “barren” territory. 

'I\vo of the Pah ones fault /one pools that have been described are 
the Luling'^" and the Darst Creekwhich lies a few miles to the 
south of l.uling. The impountling of oil is almost exactly the same 
in these two fields, although they occupy sej)aiatc faults. The oil 
occurs in the top of the Edwards (C^omanclieau) Jimestone in a ])limg- 
ing antidine on the u|jfauhed block. Tiv reservoir limestone has 
been dropped down on the west side of the fault, bringing the younger 
and relatively impervious Taylor marl against the broken edge of the 
eastward-dipping Edwards revervoir rock. 

At the north siile of the Southwest Texas district, es|je(ially in 
Williamson Coutity, are accumulations of oil in porous stapeiitine 
reservoirs. One of these, the Cdiapman held, is illustrated and de¬ 
scribed in Cdiajjter K (Tig. 74). 

The Eocene belt is the farthest inland ol the 4’ertiary /ones. Duval 
County contains ati unusual ioneentration of Eoieiie fields. Many of 
the accumulations in this trend are dependent upon variations in the 
permeability of the re set vtjir rock.' ’- The Tope/ oil held ' ‘ • and the 
O'Hern field,both of which lie along the br)uiulaiy between Duval 
and VV^ebb cttunlies, have been cited as illustrations of stratigraphic 
traps. J’he Driscoll pool,' '' which lies entirely within Duval (iounty, 
t)wes its existence to the iip-ilip wedging out of the reservoir sand. 

nesl W. lUiiiks, "l.iiliiif; Oil lirlfis, (i:il(1\vi;ll :iihI (j;ii:iiI;iIii|ic rDUiilius, 
'rt!\'ds/' Slriirliirr nf .Imrrirau Oil lirlds fAiii. Assm:. I’uoril. (ii’ol., IHUn), 

Vol. I, |)|j. 

'■■‘1 II. n. ML'Caliuiii. “Dai.sl Cit-ek Oil lii’lil, (>ii:i[l:ilii|ii‘ r.niiiily, Vcwis.” Hull. 
Atn. .i.s.sor. Pelrol. (irol., \'r)l. 17 ^|niiii:iry, Uk^3). |ip. 

James fl. T‘r[?L‘iii:iii, “SnaiKlIinc Ai:iiiiiiiilaiion uf l*rOrilL'iim, jiiii County, 

Texas,” Hull. Am. Asstir. Petrol, (ienl.. \-ul. .S.S (July, l!tl!t), pp. 1^00-11^70. 

J. Hn\il Itusi, ‘Tfipu/ Oil riL'hl, Wulili aiirl Duval Cuuiuii*s, I txas, " Slrati- 
"rtipliir Type Oil fielrls (Am. Assm:. etlrol. (icul., 1!M1). jif). OHO-007. 

OH t;. (;. Hariicll, ‘O Hcrn I'idit, Duval and Wditi CinintiL's, I rxas." op. cil., 
pp. 722-71U. 

I. R. Slidduii, “Diiscull I’uol, Duval Ciiuiiiy, I cxas,’ i^ulf CotLsI Oil Pields 
l.Aiii. .A.ssnc. Petnil. Gfid.. 19.S(j). pp. 020-6.10. 
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Accumulation in the nearby Government Wells oil lield/®“ which is 
one of the larj^er fields of the Southwest Texas district, is due to a com¬ 
bination of tilting, folding, faulting, and sandstone lenticularity. The 
trap is closed by regional dip in one direction, by faulting in a second, 
by folding in a third, and by loss of permeability in a fourth. The 
Hoffman field,yet another Duval County field, differs from most of 
its neighbors in being a structural accumulation. The trap at the 
Hoffman field is a broad, low anticline with only about 40 feet of 
closure in the U])per Eocene sandstone reservoirs. To the northeast 
on the same trend is the Slick-Wilcox field,which illustrates accumu¬ 
lation in a faulted dome. The fault cuts across the south side of the 
dome, fairly high on the Hank. Accumulation is to the north on the 
upside of the fault. 

I'he Oligocene trend, which lies about one county inland from 
the Ciulf shore, is the leading .source of oil in the Southwest Texas 
district at the present time. I'lie same two disiinct tyjjes of structure 
lhat are rcs])onsil)lc for accumulation in the Southeastern Texas Gulf 
district occur in the Oligocene /one of Southwest Texas. Some fields, 
such as the Refugio^''*' and the Gretaof Refugio County and the 
W'cst Ranchand the Edna^'- in Jackson County, jnoduce from 
broad, fairly fiat domes wdiich may or may not be faulted and which 
are highly suggesti\ e of deep underlying salt cores. The Edna field is 
a gas field, and the structure was iliscovered by surface geologic map¬ 
ping. f'lie center of the ilome is marked at the outcrop by a w^ooded 
sand inlier about (iOOO feet in diameter. I'he Refugio field is one of 
the major fields in the district, and it show\s indication of several 
periods of folding. After each }jcriod of folding or tilting, the hydro¬ 
carbons appeal to have adjusted to the nenv structural environment by 
migration. 

I-John 'rmu'liIll'll and J. Harney AVhi.sciianl, “Giiverniiieiit Wcll.s Oil Field, 
Diivai CniiiUy, 'l exas," uft. cit.. pp. (i3l-til7. 

llai'VL'v Whiiakcv, '‘Hoirmaii Fiuld, Duval C'tninlv, Ccxas,” Bull. /Ini. /I.ssoc. 
Pr/rnl. (ifol.. \'id. 121 (Dereiiiljcr, 1!M0), pp. 12l2ti-121 112. 

Louie Sehi iiig, |i., ".Sliik-Wilnix Field. Dcuilt and (uiliad Couiuies, 'Fexa-S,” 
Bull. .Ini. .IsAor. Petrul. firriL, Vol. 112 (Fcbiuarv, 1!M8), pp. 228-251. 

1^*' riiillip F. Mai'iyn, “Refugio Oil and Ga.s Field, Refugio C'-ouniv, 'I'exas/' 
Bull. Am. Ajisoc. Petrol. Geol.. \’ol. 22 (Seplemhcr. HKSH), pp. llHl“12Ui. 

no R. A. Slaiiicy, |. C. MnnlgDinerv. and H. D. Kasinn, Jr., "Grcia Oil Field, 
Refugio Cniiiilv. I'exa.s,’ (liilf (:oa.st Oil Fields (Am. Assor. l*ctrol. Geol., 1930), 
p|). 01S-(»0.3. 

A. |. Hauernsrhiniu, Jr., “We.si Ranrh Oil Field, Jark.son Crniniy, Texas,” 
Bull. Am. A.s.sor. Petrol, (irnl.. A’ol. 28 (Feliruary, 1911). pp. 197-216. 

ni: M. M. km iifeld and ('.. R. .Slcinhci ger, “Kdna Gas Field, Jarkson CouiUy, 
Fexas," Bull. .Im. .lijuf. Petrol. Geol., Vid. 25 (^January, 1911). pp. 101-119. 
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dine is limited on the north by the position of the fault plane (Fig. 
125). 

Most of the production in the Oligoccnc belt comes from sandstones 
in the Frio formation. As many as thirty-nine separate reservoirs have 
been found in this belt, and a single field may contain nine or more. 
Common practice is to complete some of the wells in two dilferent 
reservoirs. 

The Saxet field produces from both the Frio, of lower Oligocene 

age, and younger Oligocene and Miocene sands. It is in Nueces 
County near Corpus Cihristi, to the east of the main Frio belt. Saxet 
is one of the major fields of ihe Southwest T exas district. Accimuila- 
tion is in a large dome which is crossed, high on the northwest Hank, 
by a major fault. TTie downfaulted side is on the southeast toward 
the Gulf, but production is found across the faidt jdane r)n the north 
side. Several minor i ompensating faults are also present. It is be¬ 
lieved that the major lault sii])plied a channelway for migrating gas 
which filled the shallower sands with gas under siuh high jjressure 
that a store or more of “blowrnits” took place during the development 
of the field. 

North and West Central Texas (Fig. ISfi).*'-’ North and West 
Central Texas are here considered as one district. To the north arc 
the Red River and the slate ol Oklahoma. The East T’exas district 
lies to the east, Southwest T exas district to the south, and Wvsl Texas 
to the west. TTie oil and gas fields in North and West (a ntral T exas 
are mainly concentrated along the Rend Arch which trends north 
across the central part of the distric t. 

North I'exas first jnoduced coiimiercially in 1904, when the Petrolia 
field in Clay Caiunty was discovered. JIowe\er, the district did not 
become an important source of world oil until 1911, after the discov¬ 
ery of the Rurkbiiriiett-Electra fiedds in W'iihita County. These fields 
and others were developed rapidly during the ensuing decade under 
true “boomlown" conditions. Sidrset|ucntly the district declined until 
the discovery of a deep Peiinsylvaiiian reservoir in the older RMA 
field in 1938 and two years later a still deeper Ellenburgcr (Ordovician) 
reservoir wTiich led to greatly renewed activity not only in the KMA 
pool but throughout the district. 

|. ('.. l*nolc, “Saxcl Oil ami (ia.s I'iL’lil, Nueu-.s CoiiiUv, Texas," Bull. Am. 
Assor. Pvtrol. (Irnl., Viil. ^1 (OilohL'i, IlllO). jjp. lK()ri-lH35. ' 

|. B. MimhIumiI ami William Olis Ham, Jv.. 'Dc^vclnpinciil.s in North and 
Wcsl-C^ciitral Texas in ini.n," Hull. Am. Assnr. Pftrol. Genl., \iil. .^4 (June, 1950), 

pp. 11,50-1157. 
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there to Archer County. Along the iioilIilhi edge of the district arc 
the Red River and Muen.ster iiplilLs, with ihe Fort Worth syncline 
parallel to, and .southwest of. the latter fealure. Mo.st of the oil that 
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has been produced in this district has come from anticlines or other 
types of traps lyinf^ upr)n either the Bend flexure or the Red River 
uplift. T he leading fields in cumulative production through 1949 are 
the Burkburnett, Electra, and KM A. The KM A was first in annual 
output during 19-19. 

Most of the oil in the North and West Central district comes from 
sandstone and limestone reservoirs of Pennsylvanian age. These 
“sands” range in age from Cisco (Upper Pennsylvanian) to Bend 
(Lower Pennsylvanian). One held may contain six, eight, or even more 
reservoirs. The Ordovician Ellenburger limestone began ])roducing 
in the KM A field in 1940. 

Accumulation in this district has been controlled largely by struc¬ 
ture, but in many instances variations in |jorosity have controlled 
distribution of oil within the closed area. Irapping in some fields 
has been due to either the wedgiiig-out or the up-dip shaling of the 
sandstone reservoir. Several of the larger fields, including the KM A 
and Hull-Silk, lie on the South Electra fold which cuts across parts 
of Wichita, Archer, and (flay Camnties.^"^ Thomj)son ^has noted 
that, although all the oil in the Hull-Silk pool lies wilhin the anti¬ 
clinal closure, variable |)orosity within the diflereiit reservoirs controls 
the distribution across the top of the structure. The Petrolia dome 
is a marked strut tural feature overlying a granite knob along the axis 
of the Reil River u|jlifL.‘.Accumulation in Stephens Ca)uiity to the 
south, high on the Bend Arch, is likewise anticlinal.^'" 1 he principal 
reservoir in this area is limestone belonging in the Bend series of 
Lower Pennsylvanian age. 

Accumulation in the Wahiut Bend pool occupies an elongate 
anticline, but in only two of the live reservoirs is the permeability 
adetpiate for complete occupaiity of the upfold; in the other three the 
oil has been trapjjed on the anticlinal flanks, owing to gradation from 
sandstone into shale. In the Bowers field oil is obtained from 

|. |. Mniiriiii, "ncvclopiiiciiis in Norih-t'ciural anil WL’.si-Central Texas, 
Hl.iS," Hull. .ini. .Ls.snc. Pelrnl. Genl., U.H (]iinc. p. 815. 

Kilu’in r. riionipsiin, "Hiill-Silk Oil Fielil, Arrliei Cniiniy, Texas." Stnilif^rnphit 
Type Oil TieUls (Am. Assoi:. I’etinl. (icul., 1H41). pp. nfil-ti79. 

I Frank K. KmihiLk anti H. C. MeLaiighlin, "Kelaiinii nf Priroleiiiii AtTiiiiiiila- 
lion in Siriiriiirc. Felrulia Fielil. day C'luinly, Texas." Strurhire nf Txpical Aiurri- 
ffiFi Oi7 Tirlfl.s (Am. Assiu'. Fetrol. Cienl.. 191i'J). Viil. 2, pp. 5-12-555. 

\V. K. Esjuen, "RelaLiuii of .Acniimilalinn of Pelroleiim lo Slruciiire in 
Stephens ('oiintv. Texas," pp. 470-179. 

iflii William Hilsewet’k, "Walniil Hcntl Pool, (aiok Cniinlv, Texas," Straligrnphic 
Type Oil Helds (.Am. .Assoc. Pcirol. (icol., 1941), pp. 776-805. 

i-'ii .A. B. Brown, "Bowers Field, Montague Cloiiiitv, Texas," Hull. Am. Assnr. 
Petrol. Geol., \o\. 27 (January. 1943), pp. 20-37. 
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eight separate reservoirs of Pennsylvanian age. I'he struc ture is an 
anticline, but in six out o[ the eight producing zones variable porosity 
determines the distribution of oil. 

The North and West Central district contains at least one pro¬ 
ductive reef, the Seymour pool in Baylor County.^ ’- Unlike most 
other pools in North Texas, production at Seymour is limited to a 
single reservoir rock, the reef limestone belonging in the Canvoii 
group of Pennsylvanian age. The pay section is a fossiliferous lime¬ 
stone from 2 to 12 feet in thickness. Jt follows the dome shape of 
the top of the reef; although not in an anticlinal fold the accumula¬ 
tion can be considered to be due to the pseudo-anticlinal struc ture. In 
the Bryson oil field in jack County the oil has been impounded by 
the up-clip shaling of a 250-fooL sandstone reservoir scries. At the 
Noodle Creek pool oil has acnimulated oii the flank of an anti¬ 
clinal ridge owing to the up-dijj wedgeout of porosity in the reservoir 
limestone. In at least two fields in Brown (bounty, the Cross Cut and 
Blake,’-''’"' oil and gas occur in lenticular sands, but they invariably 
occupy the structurally highest parts of the reservoirs. 

West Texas (Fig. 127). The West Texas district is bounded on the 
north by the Panhandle district, on the northeast by the North and 
West Central district, on the southeast by the Southwest Texas district, 
on the south by the Rio Grande River and the Republic of Mexico, 
and on the ncjrthw'cst by the state of New’ Mexico. Geologically, how¬ 
ever, the six counties in snutheastern New Mexico are a part of the 
West Texas or Permian basin province. Flic West I'exas district 
covers forty-one Texas counties, but the number of oil-producing 
counties is considerably less. Fhe oil and gas fields are largely con¬ 
fined to a belt about four counties wdde extending north and south 
from the southeastern corner of New Mexico. 

Although West Texas has been producing oil since 1913, it was 
not until the discovery of the Big Lake pool in Reagan County in 
1923 that this district began its meteoric rise as an oil-producing area 
which has made it today not only the leading Texas district but also 
one of the great sources of world oil. 

152 James K. Murphy, Paul E. M. Purrcll, and H. E. Barinn, “Seymour Pool, 
Baylor CDiiniy, Texas,” Stratigraphic Type Oil I ielrls (Am. Assoc. Pelrol. Geol., 
19-41), pp. 760-77.'5. 

15'^ T. C. Hicstand, "Bryson Oil Field, Jack Couniy. Texas," op. cit., pp. .539-547. 

154 H. W. Imholz, "Nootlle Creek Pool, Jones Couniy, Texas," op. cit., pp. 69B-7Z1. 

155 Edgar D. Klinger. "Cross Cut-Blake Di.siricl, Brown Couniy, Texas," op. cit., 
pp. 548^563. 
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The most obvious tectonic leaiure in West Texas is the Marathon 
uplift in the IJend of the Rio Grande River which brings lower¬ 
most Taleo/oic rocks to the surface. To the north, and extending 
into southeastern New Mexitr) a short distance west of the soutlieast 
corner, is the Delaware basin. This basin is bordered on the east by 
tlie Central basin platform on which most of the oil fields of the 
district are concentrated. To the northwest of the Central basin plat¬ 
form, extending in an easi-west direction across southeastern New 
Mexico, is the Northwestern shelf area. Due north of the Central 
basin jjlatform is the iiorllieastei ly extension of the Northwestern shelf 
area, which is known as the North basin ))latform. East of both ihe 
CA'Mtral basin |datfonn ami the North l)asiii platform is the great 
Midland basin, which is siuceeded still farther east by the Eastern 
basin jjlatlorm. Ci ossiiig the m)rthern enil of ihe West 'Texas district 
is ihc Matador uplift. Second only to the (ientral basin jdalform in 
its (oncentralion of oil lielils is the Northwestern shelf-North basin 
platform. The Eastern platform siands third in inij)ortance. In the 
iw'o basins, the Midland and the Delaware, oil lields are much less 
abunda nt. 

The reservoir rocks in the W'esi Texas dislricl are sandstones and 
especially limestones ranging in age from I’jjjnr Teiniian to Cambro- 
Ordovician. The major reservoirs underlie the U|)j)er Castile forma- 
lion which ccinlains the great salt and potash dc])osits of the Texas- 
New Mexico area, lloth the Guadalii])e and the Leonard of the Ter- 
miaii contain important rc'servoirs, incimling the (iapitan reef lime 
stone. Oil has been found in i|iiamity also in the ^\’ldflamp rocks 
ol Timer Tennian age. Most of the earlier production of the district 
came from Permian formations, and these reservoirs arc still important 
sources of oil. 

All the enormons reserves discovered in Scurry Caiunty in l.QHl-lDaO 
octiir in Pennsylvanian reefs provisionally assigned to the Canyon 
group of Middle Pennsylvanian age. The underlying Strawn, of 
Lower PennsyU aniaii age, which is so inijmrtant as a source of oil in 
the North and West Central I'exas district, is oil-bearing in some 
A\'est 1 exas fields. Oil has been Loiiiid in both De\'onian and Silurian 
rocks. Many lields produce from Siiiijjson and other Ordovician for- 

1'^'“ foiln \\. Liillfx and S. Cmcy. dii|iiiirnls in W'usl Texas and Snudieast 
New Mt’xiin in 111111. “ Hull. l/n. I.ssnr. /‘r/rol. fwrW.. \ nl. .St (liiiU’, 1.050), pp. 112D- 
1113: IMiiliyi It. ‘TLMiiiiaii i»l' AN'i-sl Tfxas imd SinitliL'asLQni New Muxirn," 

Huff. .Ini. .Iwor. Pvtnil. (irol., 2fi |.April. 1.012). pp. .5.35-703; Rnlicrl K. Kiny; 
ri nl., “Rrsiniu- ol (irnliigy of I lie Soiilli 1'L‘iiiiiaii Hasiii. luxas and New Mexico," 
liiiJl. Grol. Snr. Arn., X'lil. .53 (.April 1, 1012), pp. 530-560. 
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Illations, and the Ellenbuifrer liiiiesionc of Canibro-Ordoi idaii age is 
ail oiiLslandin^; reservoir. 



Mr;. 127. WlsI Trxii.s iiiflfx 


Rl'u^uii Crjiiiiiy, 

B, .Scuny Cuuiun. 
f.'. I’uujs fliniiio. 

1), I.()\iii^ tlriuiiiv. 

/•;. Cifjikrll Cjiiiiiiv 
I', .SLhleiiliL'i Cidiiniv. 
a, CiiiJiiiy. 

H, Kiiur C'Diiiily. 

/, Aiiilicw.s CniiMiy. 

/, l\iiril (luuiily. 

A, Wiiiklur CDiiiily. 


/., I ,L‘;i CniiiiO, Nl‘^\ 
Mi-xiid. 

M, l-.ilily Ni’w 

M i*xii II. 

-\, Clli;i\t*s (iiiiiiilx. Nt^v 
M I'xii II. 

J, .\|irii nil rii'lil. 

2. IW‘iinliiin nil firlrl. 

Lnki? oil fiL'Iil. 

-1, Drill.'ii'liifle oil (iciil. 
.^ 1 , railil.siniili oil fii-'lil. 


fi. I li'iiili ii k oil fluid. 

7, Norlli (liM\ ill'll oil field. 

K, I'lii'L* nil lii'lil. 

!l, Pioliiii nil fii'ld. 

Id. I'l-l LI. >111111^ nil lifid. 

11. Sl;mn|iiui -1 .rvLliiiid nil 
lii-lil. 

12, 7nild nil field. 

I. -). Wiis.son nil fiL'Iil. 

II, \\'lii:;il nil fiL'Iil. 

15 , I’wlL'.s nil fiL'Iil. 


The leading fields in total jjrodiu tion in the West I’exas distriit 
are the Vate.5 at the extreme soiitheastern end of the (Central basin 
uplift, the Hcndrjek on the west side of the Caential basin jjlatfotiii 
immediately south of the southeastern corner of New Mexico, and 
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the Wasson at the southwest end of the North basin plathmii. In 1949 
the Slaughter-Lcveland held toward the north end of the North basin 
platform was in first place in annual production, followed by the 
Wasson and the Yates. The greatest activity, however, in 1949-1950 
was in Scurry County (Fig. 128), toward the north end of tlie Eastern 
platform, where a Pennsylvanian reef has been found to be productive 
over a probable length, in a northeast-southwest direction, of 20 miles. 



rii;. 12H. Nnv ifL’t fields nf .Srurry Ciiiinlv, Texas (.Scurry CniiiUy sliuwn by diaf^niial 
lines) . C’wirr/c.vy Oil nntl ('.ns JtnirnnI. 

and a width of (i miles at the broadest point. Eur therm ore, the actual 
production limit to the southwest and northeast liad not in February, 
19.50, been definitely fixed by dry holes.'-'* The lop of the reef is very 
uneven topograjjhically, resulting in wide variations in reservoir thick¬ 
ness. Although some wells are reported to have jjenetrated as much 
as 700 feet of reef rock, the thickness of the oil-bearing sections above 
the oil-water interface ranges at the present state of development from 
about 100 to 400 feet. Estimates of the total reserve available in the 
Scurry County reefs range as high as 1 billion barrels. 

lliree of the \VT*st Texas fields w'ere used in Chapter 8 to illustrate 
various types of trapping. These are the Big Lake (Fig. 45) of Reagan 

D. H. Sinrmonl, "SciiiTy County's New Reef Ticlds," Oil and Gas Jour., 
Vol. IH (rebniary 2. 1950), pp. 46 el scq.; "Scurry Couniy Limestone Reef Develop¬ 
ment." ibid.. Vol. 48 (July 7, 1949), pp. 54 ct seq. 
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County in the Midland basin, an unusually symmetrical dome, the 
Apeo (Fig. 77) field of Peros County near the southern end of the 
Central basin platlonn, which produces from an ovcrlapjjcd dolomite 
wedge, and the Wheat (Fig. 49) jiool of Loving County in the Dela¬ 
ware basin which illustrates possible terrace trapping. The mode of 
accumulation in a lew other fields scattered across the VV^est Texas 
district is described brielly in the following paragrajihs. 

rile Page field is in the southeastern jiart of the district where 
the Eastern platform merges with the Edwanls })lateau. The reservoir 
rock is a porous limestone lying within the Strawii (Pennsylvanian), 
riie productir)n, mostly gas, comes from a stun turally high area which 
may be a reef. Fhe Todd field ' '' in Crockett County in the Midland 
basin to the west of Schleicher (bounty produces in part from a cri- 
noidal reef limestone within the Strawn. l hf‘ upjjer surface of the 
(I'inoidal limestone is domelike, but proihiilion is limited on the 
east side by the disappearance of the limestone in that direction. 
I bis reef is merely a jjrotubei ante on the west Hank of a large tloine 
in the Ordovician Ellcnburger limestone. I’lie Ellenburgcr is pro¬ 
ductive clear across the dome. 

File Ik'nedum field lies along the Upton-Reagan County line 
in the southern jiart of the Midland basin. It produies from Penn¬ 
sylvanian, Silurian, and Cambro-Ordovician (Elleiiburger) reservoirs. 
Idle trap is a pronouiued dome faulted on the east Hank. 

On the Central basin platform most of the aLcumulation is due to 
the presence of local antidines. Examples are the Coldsmith and 
North (^ow'den fields,both in Ector Camiily on the east side of the 
platform about midway between the north and south ends. These 
anticlines are frtnn 7 to 10 miles long and np tt) 1 miles wide. 

The Paytf)!! jjool lies along the Pecos River on the west side of 
the Central basin platlonn and produces oil from a 240-foot-thick 
zone of Yates (Permian) sandstone. The trap is an elongate anticline 

Rrisiciu Siiiipsiiii, Tiikc l iclil, .Sclileirlin Ciiiiiiiy, I l\:i.s, ’ Hull. Am. As.\f)r. 
retro!. GeoL, Vol. 25 fApril. 1911), pp. eaO-ti.Sfi. 

Rtilitn F. Imbl anti S. V. Mirailliiin, ‘1 niltl Deep I'icUl, Crorkcll Cmiiity, 
'] exas," /inlt. Am. Assoc. Petrol, i'^eol., .^1 fl'cliruary, 1950), pp. 2.’J9-2G2. 

Charles j. Dec^'aii, “Rent'diiin l icliI Is Ksiahlislitil as Tliix*E-l*ay Major 
Reserve," Oil and Gas Jour., Vol. -1H (May 19, 1919). pp. IH3 et .se.q. 

na .Addison ^ ouiik. Max David, and E. A. Wahlslrom, "Goldsniith Field, Ector 
CniinlVt 1 exas,” Hull. Am. A.ssoc. Petrol. Ct’o/., Vol. 2.^ fOilohcr. 19‘J9), pp. 1525-1552. 

if^^Sam C. Ciicsey and Frank F. Folk. “Noilh Cowden Field, Ector County, 
Texas," Hull. Am. .J.vjfjr. Petrol, ficr;/., A'lil. 52 (April, 1911), pp. 593-1)29. 

1'!^ Richard E. Cilc, "ra\ion Fool, Tcto.s and Waril Counties, Texas," Bull. Am. 
A.ssoc. Petrol. Geol._, Vol. 26 (October, 1912), pp. 1632-1616. 
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wiUi a northivcst-southeast trend, but production is limited on the cast 
/iarik fjl the aiiticlinc by gradaLion from sand into sandy shale and 
anh) drilic sand, farther to tJie nortJi on the west side of the platform, 
near the soiithuestern lorncr rd Andrews County, is the DoJlarhide 
lieJd,’"' famous for the storage of oil in large caverns in the Fussel- 
man Jimestone of Silurian age. I he trapping is anticlinal not only 
ill the fusselman but also in the higher Devonian and deeper Ellen- 
burger reservoirs. 

Along the northwestern side of the Central basin platform, extend¬ 
ing noi th li 0111 ilic Pecos River across Ward and Winkler counties, 
fexas, and into Lea County, soulheastern New Mexico, is the so- 
called “sand belt.” As in the Payton field the reservoir rock is 
Pennsylvanian sandstone and the trapjiiiig is due to a combination of 
anticlinal structure plus a facies change from permeability to imperme¬ 
ability to the east. 

file Wasson field,"''* a major field in west Texas, lies at the south 
end of the North basin platform. Acciimulation apjiears to be in a 
reef in Permian rock, flie reservoir is a porous dolomite several hun¬ 
dred feet below the top of the San Andres formation, fhe Petersburg 
pool is at the iiorlli edge of the district on the Matador uplift, 
riiis pool jjroduces from a porous limestone, |)erhaps a reef, which has 
anticlinal closure. 

A recent survey of the types of traps in 1 if) fields in west Texas and 
southeastern New Mexico showetl that l.^f) are anticlines, :ir) are 
reefs, are faulls, anil the remaining 208 of the varying jjermeability 
type. However, H major fields with anticlinal trajis have j^roduced 
11 per cent of the oil.^’’^ 

Texas Panhandle."'" I’lie Panhandle district includes the northern¬ 
most twenty-five counties in nortlnvesternmost Texas. It is bounded 

I'on. H. Sidhiiiiiii, “Huge ('.avi’iiis K.iiiininU*i l'(1 in nnllaihiiie Fielil, " Oil mirl 
('•(IS Jnin\, Vdl. 17 (April 7, HI III), pp. (iti rt vrr/. 

L. niMiliiiiii \V. F. Doiighcrly. “'S-.inil KelT Area nf Ward and Winkler 
('.iiiinlii'S. I r\;is. iiiid l ea ('.iiiini\. \rw Mexiin," Strnti^ralthic Type Oil Helds 
(Am. .\ssnr. I’lMiid. (ienl.. IHIl), jip. 7r)0-75fl. 

'I'. SrliiiL'idiM, "(ienlngv nf rield. Vi)akiiiii and (>aines CDiinlies, 

I'rxa.s,” Hull. .lui. .Issnr. Prlrol. Geol., \’nl. 1*7 (April, HM3). pp. ^7n-.')2.3. 

o«7 R. \V. .Mallniy. ‘erUMsInirg Oil l•lnll. Hale (Umnly, Texas," Hull. .im. Assor. 
Prtrul. ('•vuL. \’iil. 31* (M:iv. IHlH). pp. 7HO-7sn. 

05!* I. H. Itarllev and R. T. Cox. "Types nf Oil and (ias Traps in West Texas 
and Sninlieasln 11 New Mexiiii." .Im. Petrol. ('.eoL, Prt^jrrnm .lunuul Meeti/ifi 

{\\m\ p. IK. 

i'i» Taul H. Horn, ”l)e\elo|inienl.s in Texas ranhaiidlc in ILH9," Hull. .-Jm. A.ssnr. 
Petrol. Oeol., \'nl. 31 (jiinr. infiO). pp. llIi3-llliK; Henry Rog;.!/., ■(icnlngv of 
Texas ranliaiulU' Oil and (ias Ticld," Bull, .4m. Assor. Petrol. Geol., Vnl. 2.3 



Texas 


431 


oil the north anil cast by Oklahoma, at tlie soiitJicast comer by tJic 
North 1 exas ilistrict, on the south by tJie 1 exas ilisirict, and on 

the west by New Mexico. I he distribution ol oil and j^as lieltls is 
shown in Fig. 129. Gas is produced in a broad bell which crosses lour 
counties in a direction slightly north ol west and ilien swings norih, 
crossing into the panhandle of Oklalionia and connecting with the 



I'li;. r;iiili;millc ilisiiiil, I rxiis, ni:i|). ./, Sliniiiaii Cimiily: li, MiirnT 

Counly; C, J*nuer C^minly. C<'oiii7r.i;Y Amvriran A.wof inlirm nf (leolofrisls. 


Hugotoii gas licld of soutliwesterii Kansas. Actually that part ol the 
gas field lying north of ihe Moore-Shennan Caiunty line in the 1 exas 
Fanhaiullc is known as the South Hugoton field, and the term Fan- 
handle oil and gas field is confined to the easl west trend which overlies 
the buried Amarillo Mountains. I'liis field is approximately 130 miles 
long and has an average width of 20 miles. \ he gas area exceeds 1 
million acres, but the oil is confined to tlie north side of the gas-pro¬ 
ducing belt. Although the oil-producing trend extends over a distance 

(]uly, 1939), pp. 9H3-inri3; K. O. D.ihlsicn, " J he PHnhanille l ield: The World’s 
l.:ir|;e.st Naliinil (ias Reserve,” Gas, V'ol. 22 ^July. 19‘lfi), |jp. ‘M-ril; V'icirjr Coiner 
and H. £. Crum, ‘‘Gecilngy and Ofiiiii elite of Naiuial Gas in Amarillo UisLricl, 
'l exas," GcD/rijify of Natural Gas (Am. Assoc. Pclrol. Gcol., 1935), pp. 3H5^15. 
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90 miles the actual acreage that has been proved productive is 
only about RS,()0(). 

I’he discovery gas well for the Panhandle district was completed in 
1918, and the first oil well in 1921. 'Fhese discoveries were the direct 
result of geological observation. Because of remoteness from market, 
development was slow at first, and it w^as not until 1926 that the 
Panhandle district first became a large producer of oil. The building 
of gas pipe lines to eastern markets was followed by rapid develop¬ 
ment of the gas field, which proved to have the greatest volume of 
reserve gas of any field so far discovered anywhere in the world. Dur¬ 
ing the active exploratr)ry |)hase helium-bearing natural gas was found 
orcupying a sejjarate dome in Potter (^oiiiity. 'Fhc entire output 
from this fiekl is piped to a United Slates Bureau of Mines helium 
extraction plant near Amarillo. 

The major teclonit lea Lure in the Panhandle district is the Amarillo 
uplift, which extends into I'exas from western Oklahoma and which 
is obscureil by a mantle of continental '^Pertiary sediments except 
where the deeper stream valleys have penetrati*d ihrough to the under¬ 
lying bed rock. 7 he core of the uplift is pre-Oambrian crystalline 
rock, the com|jletely buried “.\marillo Mountains." To the northeast 
is the western end td the Anadarko basin, and in the northwest corner 
is the Dalharl basin. South of the uplift and extending to the Mata¬ 
dor uplift, which crosses the northern end of the West Texas district, 
is the Palo Duro basin. I'he Bravo dome separates the Dalhart basin 
from the northwestern part of the Palo Duro basin. 

The lowest reservoir rock is arkose or “granite w^ash,” which is the 
result of simultaneous erosion of the granitic core of the .Amarillo 
Mountains and deposition on the nearby sea floor during Pennsyl¬ 
vanian lime. Higher Pennsylvanian limestone is also productive in 
part of the district. The most widespread reservoirs are the so-called 
“w’hitc" and “brown" dolomites of Permian age. 7'he greater part 
of the gas occurs in these higher dolomites, and it is in this series of 
reservoir rock that the gas accumulation is continuous from the Texas 
Panhandle across the Oklahoma panhandle and into southwestern 
Kansas. 

Although the map (Fig. 129) show^s the oil-producing area to be a 
continuous one. in reality it is a belt on the north Hank of the buried 
Amarillo Mountains along which are many separate and distinct oil 
accumulations. The largest in cumulative production of these indi¬ 
vidual pools is the Borger, but the West Pampa field w'as the largest 
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producer of oil in 1949. AUhouj*h some of the accumulations are due 
to the lenticularity of the granite wash reservoir rt)ck., most oil trap¬ 
ping has been anticlinal, each pool occupying a dome or other type 
of upfold. 

"1 he gas field, on the other hand, is a virtually continuous producing 
area from one end to the other and frrmi one side to the other. Most 
of the gas has acriimulated in the higher I’ermian ilolomitcs which are 
arched into a great anlicline across the Amarillo uplift. Gas occurs 
south of the Amarillo axis as well as north. In the Soiuh Hugoton gas 
field, as in the Hugoton area, llie trapping is due Lu a lessening of 
the permeability on the west flank of the Aiiadarko basin due If) the 
increased content of silt and clay in the reservoir dolomite. Accumula¬ 
tion in the heliuin gas field in Potter County is in a small but 
unusually symmetrical dome. 

The limiting of the oil accumulation so hn* Lliscovered to the north 
side of the Amarillo uplift implies that the source material must lie 
to the northeast, down the Hanks of tlic Anadarko basin. So far, how¬ 
ever, atteii]])ts to find act iimulations on this flank north and east of 
the Amarillo ujjlift have not been siu cessful. I'here have been a num¬ 
ber of other unsiucessful artemjjts to find commercial accumulations 
of hydrocarbons on the south side of the Panhandle district in Llie 
Palo Duro basin. 

Louisiana 

(F igu res 130—13 2) 

The state of T.ouisiana was credited in 1919 with over per 

cent of the domestic oil production. Its share in tlie world’s ouLpiit 
during the same period was over 5]/^ per cent, which was slightly 
more than that of Saudi Arabia and a little Jess than that of Iran. 

It is customary to consider 1 .ouisiana as two oil-producing districts, 
north Louisiana and the l.ouisiana Gulf Coast. I'hc dividing line is 
shown on the accompanying map (Fig. 132). Geologically, the north 
Louisiana district is a part of a greater district that includes southern 
Arkansas and northeastern Texas. Similarly, the Louisiana Gulf Coast 
district is an arbitrary segment of a tectonic division including the 
Texas Gulf Coast and the shoreline zones of the slates to the east. 

i7n LtD W. HDii|rh and Arnold C. Chauvicrc, "Oil and Gas Developments in 
Louisiana during 1949," Am. Inst. Min. Mel. Engiiiecis, Jour. Felrol. Tech., Vol. 2 
(June. 1950), pp. 31-58: S. L. Diglfv ei al., "Oil and Gas Developments in Louisiana 
during 1948-1949," La. Dept. Gonservation, Xineteenth Biennial Reports, 1948-1949, 
pp. 26-96, 1950. 
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The cumulative oil productiim lor south Louisiana is nearly double 
that of north Louisiana, and the 1949 yield was nearly three times 
jifrcater. However, north Louisiana contains several major ^as fields 
that pive it prominence ainon^r gas-producing areas. The cumulative 



production in south Arkansas is not far behind that of north Louisiana, 
but the Arkansas prr)diiction for 1949 was only three-fifths that of 
north Louisiana. 

Louisiana had no important production in either oil or gas until 
the discovery of the Jennings salt dome field in 1902. This explora¬ 
tion was a direct result of the discovery of Spindletop across the line 
in Texas in 1901. No important finds were made in north Louisiana 
until 1905, when gas was discovered in the Caddo field, in which oil 
was found the following year. 
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Many new discoveries have been made in northern Louisiana since 
1905. including Rode.ssa in 1930, but the Gull Coast tlisroverics have 
perhaps been the more s|)ei tacular. In 193H the first nil field (Creole) 
was lountl in the open waters ol the Gull nl Mexho. In seven 

new fields were lound in the open Gull in ihat one year alone. 



Exploration arouiul salt iloiiies discovered years belore has resulted 
ill finding several new icservoirs in leeeiit years. In prolifii; 

production was obtained in saiulstoncs of frio (Oligf)cene) age on the 
north flank of the Vinton salt dome, whiili was discovereil in IIIIU. In 
the same year an exploratory well was drilled 3000 feet through cap 
rock and salt at the Veniiilioii Bay dome helore the overhang was 
broken through and oil was disernered tiai)|)ed below at a depth of 
0500 to 10,000 feet. Another discovery of 1013 was the first well in 
the Miocene trend cast of tlie Mississiijpi River. 

The Gulf Coast of Louisiana and fexas, especially Louisiana, is 
notable for the volume of hydnii arhons produced from iruisiderable 
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In;. 132. 

Mii.ssiiri' I’.iri.sli. 

JJ, \Vi-lj.siL-r rarisli. 

C, C'.laibnnic Parish. 

/). Liiii'olii Parish. 

/■:, LnSallt Parish. 

/•\ l.al'niiiL'hc Parish. 

G, Caniuron Parisli. 

1, Arise la Biitlc uil riehl. 

2, Bay Marchaiid oil fichi. 

3, lU'lli’viie nil Til'IiI. 

4, BciUnii oil lichl. 

5, Caihlo oil RcUl. 

6, CarUM'ville-Sarepto-Shnn/aloo 
oil lielcl. 

7, Col Ion Valley oil fichl. 

8, Creole oil field. 

!), Harrow oil field. 

10, Delhi-Big Creek oil field. 


I.oiiisiana indev map. 

11, Della I'ariiis oil fiehl. 

12, East Haviiesvillc nil field. 

13, Kola oil field. 

11, Enilh oil fielil. 

15, Haviies\ille oil field. 

10, Iowa oil field. 

17, Jellersoii Island oil field. 
IH, )ennin;i;,s oil field. 

19, Lake .Si. John field. 

20, Monroe ga.s field. 

21, Riehlaiul gas fiidd. 

22, Rodessa nil field. 

23, .Siandaril nil field. 

24, Sugar Creek oil fichl. 

25, Cnivcrsiiy nil field. 

26, ^'ermiliol 1 Bay oil fielil. 

27, Vinlon nil field. 

28, West Tepciate oil field. 
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depths, although at the moment this region holds luitlur the rcrord 
lor the deepest production nor that for the deepest exploratory test 
drilled. Nevertheless, south Louisiana prodiues more hydrocarbons 
from depths below 12,000 feet than any other district in the world. 
A considerable percentage of the fields producing from these depths 
are the so-called “gas-condensate" type. For examjde, of the fields 
discovered on the Gulf Coast in HMS, thirteen were oil fields, eleven 
condensate fields, and four gas fields.^"^ Fhree of these oil fields, and 
two each of the condensate and gas fields, were found in the Gulf ol 
Mexico, rhe discoveries during the same jieriod in northern Louis¬ 
iana consisted of three oil fields, one distillaie field, and four gas 
fields.^^- 

The seismograph is the priniijial exploring implement used in both 
north Louisiana and in the Gulf Coast disi irt, im hiding the open 
waters of the Gulf. The gravity meter ami ihe tore ilrill are also used 
to some extern in northern l.oiiisiana, and subsui fare geology is em¬ 
ployed in both areas. 

All Louisiana lies within the (iiilf embayment provinre. No rocks 
older than 'Lertiary are cxjiosed, excejit around some ol the interior 
salt domes, where Cretaceous rocks have been jiushed to the surface. 
Cretaceous, Comancheaii, and Jurassif: sediments are reailied by the 
drill in northern Louisiana. Vhe Gulfvvard-dipping embayment sedi¬ 
ments are internijUed by a ma jor tei tonic feature in northwestern 
lamisiana, the Sabine uplift. I bis uplift is a dominating influence 
on accumulation not only in norllnvestein Louisiana but also in 
southern Arkansas and northeastern Texas. 1 1 ) the east ol the Sabine 
uplift is a synclinal, or graljen, /one, aiul then the strata rise once 
more to cross the Monroe ujililt ol northeastern Louisiaiiii. 1 he 
Monroe uplift is decidedly subordinate in relief and area to the Sabine. 

As in the southeast Gulf C^oast district of Texas, the Miocene sedi¬ 
ments thicken grcaily southw^ard so that it is possible to dtill wells 
to depths exceeding LH,0()() feet in the coastal area without getting 
below rocks deposited during this time interval. The coastal belt 
contains many salt-cored structures, ami most ol the oil fields there 
are due to accumulation either in traps produced by salt picrccment 
or in faulted domes that arc known or assumed to overlie salt cores. 
A second kind of Gulf Coast trap is the “Tepetate type” structure, 

171 Williani McBcc, Jr., and Paul J. Orrharrl. '*DevLlnpinEnis in Louisiana Gulf 

Coast in Hull. Am. Assoc. Pefrol. Gcol., Vol. 33 (June, llJin), pp. 979-9ft9. 

172 John R. Williams, "DL-vclopmciiLs in .AiKansas and North Louisiana in 194H." 
Bull. Am. Assoc. Petrol. Geo/., Vol. 33 (June, 1949), pp. 990-1001. 
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ill which aa:iimuhitii)n takes place in an anticline on, but close to 
the ed^e oi, a downfaulted blnck. This is illustrated in Chapter 8 
(Fiji;. 02), with the West Tepetate held of Louisiana used for an 
example. 

Some f)f the salt cijres approach so near the surface, especially in the 
Five Islands area of the Mississippi delta, that they have been the scene 
of salt inininfT for many years. Salt production started in 1867 on 
Avery Island, in 1902 on Weeks Island,and in 1922 on Jefferson 
Island. Cap rock sulfur is obtained by the Frasch process at the Lake 
Washington salt dome in Plaquemines Parish and was formerly ex- 
jjloited at Sulphur in Calcasieu Parish in southwestern Louisiana, but 
this deposit was exhausted in 1924. Sulfur has also been mined at the 
Jefferson Island * salt dome, but the siqiply is now depleted. 

The tectonically negative area between the Sabine and Monroe up¬ 
lifts is an intericir salt-dome district containing seventeen known salt 
cores. Neither oil nor gas has as yet been found associated with the 
shallow norlheni laniisiana salt intrusions. Some of them lie close 
enough to the surface so that solution effects are visible in the topog¬ 
raphy, and in two places, at the Winnfiehl dome and at IMne Prairie, 
the cap rock is exposed, making possible "hard rock" quarries. The 
limestone at these two localities is mm^ de|)leteil. 

The outcrujjjjing rocks of northern Louisiana are of the same general 
age as the reservoir rocks of the Gulf Coast. "Flic Gulf C^loast rocks range 
in age from Miocene to Eocene and include especially the Discorbis, 
Hrtrrostffgifia, Mmgijinlinn, Frio, and Vicksburg sands of the Oligo- 
i;ene, various reservoirs of the Jackson and Claiborne groups of the 
Eocene, and the still older Eocene Wilcox formation. 

The youngest important reservoir rock in the northern Louisiana 
district is the Wilcox formation of lower Eocene age. Considerable 
oil is also obtained from Upper Cretaceous sediments, from the Paluxy 
and older Comanchean forinations, and from the C^otton Valley and 
Smackover limestones of Jurassic age. 

Northern Louisiana.^'-'' I'he oil fields in Northern Louisiana that 
have led in total production since discovery are the Caddo, Haynes- 

1“^ Cl. D. Hiuiis, "Riitk Sail," La. Gcol. Siin>ry, 7 (1008). 

1"^ Lawri-nrc O'Dniiiiell. “lellcTsiiii Islanil Sail Dninc, lliuria Pari.sh, laniisiaiia," 
Gulf Coast Still Doinrs (Am. .X.ssol. Pclrul. Geol., lO.Sfi), pp. 983-1025. 

SlircvL'pnii (luiil. Sm:., lipfnrtue Rejnii t on Cei taiti Oil anti Gas Fieltls 

of Aoith Louisiana, South .irliansas, Mis.si.\silJpi, and tlahnnin. 1 (191G), 

Vol. 2 (1917), SliiL*\c|)mi; Miliim \V. Gorliiii, "Dcvclupmcius in Arkansas anil 
Nnrih Louisiana in 1949," Hull. .-im. Assoc. Petrol. Geol., Vol. 34 (June, 1950), 
pp. 1199-1211. 
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ville, and Rndessa. T he Rndessa field is sci nnd only to Caddo in 
tuinulative production, hut since it overlajxs into "I'exas and Arkansas, 
it must share its production statistically Avith those states. In terms of 
oil production during 1919, the Delhi-Big Creek field was in first 
place and the Lake St. John Held in second place. Louisiana is second 
among the natural gas-protliicing states largely hecaiise of the great 
Monroe gas field in the northeastern part of the state. 

Several diircrcnt types of trapping occur in nortliern Louisiana. 
Numerically, at least, anticlinal accumulation ai)|)c;:rs (o dominate, 
but in some of the larger pools trapping has been iliu cither to faults 
or to variable permeability. "Lhc Caddo field, the largest in total 
j)roduction, is a bald-headed structure with most of the gas and some 
of the oil coming from Upper Cretaceous reservoirs arched o\cr the 
buried truncated anticline and with mcjst of the oil coming from 
three of the truncated Coinanrhean forma:ions on the flanks ol the 
anticline beneath the unconformity.Caddo lies close to the top 
of the Sabine uplift in northwestern Louisiana. It overlaps slightly 
into east Texas. 

The Rodcssa field is on the northwest Hank of the Sabine uplift in 
the very northw^esternmost corner of Louisiana.''" I'he field is un¬ 
usually elongate, wdth a northeast-southwest trend that carries it into 
Arkansas in one direction and Texas in the other. Lhe total length 
is 33 miles, and the maximum wddth miles. 1 rapping is due to 
the presence of a majen fault which has a displacement of about 500 
feet at the reservoir level. 1 he southeast side of the lault, the u[)-dip 
side in terms of the Sabine uplift, is the down side: accumulation 
is in the uplifted block immediately to the northwest of the fault. 
Oil moving up-dip from structurally lower parts of northeastern "I'exas 
became impounded by the jiresencc of imj)ervicjus rock across the 
fault plane. Many minor faults occur in the ujjfaulted block parallel 
to the major fault. Oil and gas are j^roduced from several Comanchean 
reservoirs, of which the jjriniipal one is the Rodessa sand of the 
Trinity Group. Rodessa was discovered in HKHO and was explored 
and exploited both vigorously and wastefully until the Louisiana 
legislature passed conservation laws, which became efiective on Jan. 1, 
1937. In the immediately preceding month, an estimated 700 million 

178 Corbin D. riclclier, "SlriiLitirL* of Caiblo ritlcl, C/ddcln Parish, Loiiisi.'ina," 
Structure of Typical American Oil Helds (Am. Assoc. PcLiol. C«l'oI., 102!)), Vol. 2, 
pp. 1B3-19.5. 

177 c. C. Clark. “Rorlcs.sa Field, Caddo Parish, Louisiana, Cass and Marion 
Counlics, Texas, Miller County, Aikan.sas," Shreveport Geol. Soc. Guide Hook, 
14th Annual Field Trip (1939), pp. 59-63. 
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rubic feet of gas per day was burned in the field because there was no 
market for at the time and the operators were solely interested in 
the accompanying oil.^^^ 

7"he Benton field in Bossier Parish, but a few miles southeast 
of the Rodessa field, is a gas and distillate field producing from the 
Cotton Valley formation of Jurassic age at dc])ths below HOOO feet. 
Accumulation is in an elliptical dome. The Bellevue oil field 
in the same parish also illustrates anticlinal trapjjing. The principal 
reservoir rock is the Nacatoch sand, which lies high in the Upper 
Cretaceous and which occurs at Bellevue at the extremely shallow 
depth of 300 to 400 feet. The structure at the Nacatoch level is a 
faulted dome with fairly fiat top, the presence of which hail been 
suspected after surface geohigical observation but which was first 
ina])j)ed in detail by a core-drill survey. It has been suggested that 
the llowage of salt at dcfiths below those so far tested (fil47 feet) 
created the Bellevue dome by forcing the overlying fonnations up as 
much as 2000 feet above their normal elevations. An average yield of 
11,000 barrels per acre from depths under 400 feet makes the Bellevue 
field a phenomenal one in terms of investment return. The Carter- 
ville-Sarepla and Shongaloo fields also illustrate anticlinal accumu¬ 
lation but with distribution of the oil governed to a considerable 
extent by the degree of permeability of the reservoir sandstones. 
I'hese fields lie south of the Arkansas line in Bossier and Webster 
parishes. Their struclure is also credited to salt flowage at depth. 
7'hc Canton Valley field,which lies wholly in AXT'bster Parish, is 
one of the larger oil fields of northern Louisiana. The most important 
reservoirs are the Bodcaw and Davis sands within the Cotton Valley 
formation of Jurassic age. The Bodcaw reservoir lies at an average 
depth of 8100 feel, and accumulation is due to the presence of an 
arcuate elliptical anticline with 600 feet of productive closure at the 
Bodcaw level. The Davis sand occurs approximately 260 feet below 
the Bodcaw and has a productive closure of about 750 feet. Other 
fields illustrating anticlinal accumulation in northwestern north 

T/iir/rrrit/i Birfin/n/ Jirporfj Depnrfrnnit of Conserxfntion, State of Louisiana, 
m6-mi (in3H), p. . 3 . 3 s. 

iTO SlirevEporl GedI. Snr., Relfirnce Report, \'dI. 2 (1917), pp. 3R4-3D6. 

iBo A. F. CridEV, “r.Eolony of BeUevuc Oil FiEld, BossIef Parish, I.niiisiana," 
Bull. Am. Assoc. Petrol. Grol., Vol. 22 (l)EiEnilicr. 1938), pp. 165H-1G81. 

181 G D. Thpinas, "CariEi a illE-SarEpla and Siion^aloo FiElds, BossiEF and WeIisIef 
P nFishes, Louisiana,” Bull. Am. Assoc. Petrol. GeoL, Vol. 22 (NovembEF, 1938), 
pp. 1473-1503. 

182 ShFEVEport Geol. Soc.. 1943 Reference Report, Vol. 2 (1947), pp. 412^19. 
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l.ouisiana are East Hayncsvilic and Siif^r Creck,”^ both in Clai¬ 
borne l^arish. 

The large Monroe gas field(Fig. 133) and the somewhat smaller 
Richland field to the southeast are both examples of trunratioii 
W4th sealing by overlap. The Lower aiul Upper Cretaceous sedi¬ 
mentary section, which contains the gas reservoirs, was tilted W'est- 
w'ard, beveled by erf)sion, and then buried beneath unconforniable 
Tertiary sediments that trajjped the gas in the tnmcaied permeable 
strata beneath, l.atcr both areas were arched iipw^ard, and so the 
slructure of the Tertiary rocks show\s fw’o large domes. 

Eastern north Louisiana contains the Delhi-West Delhi-Rig Creek 
oil field,w^hich is currently the most prodm tive field in the district. 
"Lhe trapping in this field is thic to varying permeability brought 
about by truniation and overlaj). "Lhe regional dip is to the south¬ 
east off the Monroe uplift. The principal reservoirs are the Tusca¬ 
loosa (Upper Cretaceous) and Pahixy (Lower Cretaceous). The Tus¬ 
caloosa sand is spread over tlie imdeiiying unconforniable l.ow’er 
Cretaceous surface, including the beveled edges of the I^aliixy. Be¬ 
cause of this contact, the Paluxy and Tuscaloosa conslilutc a single 
reservoir. The Tuscaloosa and younger Creiaceous formations are 
in turn beveled and o>erlappcd by the Monroe gas rock, supplying 
the seal that keejis the hydrocarbons wdthin the underlying reservoir 
rock. 

The second field in current prodiicticm, the Lake St. John, lies 
near the southeastern corner of the north I.ouisiana district. This 
field contains seven distinct reservoirs, ranging in age from middle 
Eocene to Lower Comanchean. The hydrocarbons obtained range 
from nearly dry gas through distillate to crude oil.^‘^'^ The traj) is a 
faulted dome; geophysical sur\'eys have shown the presence of a 
gravity minimum at the center of the dome, which suggests the pres¬ 
ence of a deep-seated salt core. 

183 Shrcvqiorl Gcril. Snc., np. fi/., pp. 434-436. 

184 C, C. Chirk, “.Siinnr Creek Field, Claiborne Farish, I.ruiisiana,” Bull. Am. As.sor. 
Petrol. Geol., 22 (Novciiibei, 193H), pp. L'lOl-lfilH. 

185 iMivsinn “Moiirne (.a.s Field, Louisiana.” Geolof^ of Natural (ia.s (Am. 

.Vssoc. PcMol. Geld., lM3ri). |)p. 711-772. 

Dii^ralil Ciordon, "Richland Gas Field, Richland Parish, Louisiana," ibid., 
pp. 773-7 H6. 

187 Shreveport Cieol. Soc.. PH5 Reference Report, Vol. 2 (l.’)17), pp. 397-^01; 
pp. 42(M27: P. .A. Ulonmer, Jr., ".Subsurlare Sludy of the Delhi Area, Franklin 
and Richland Parishes, Louisiana,” La. Geol. Survey, Geol. Pamphlet 4 (1D46). 

IBS Shreveport Geol. Soc.. np. rit., pp. 445-452. 



442 


Oil and Gas Fields—United States 



Viu. 183. Moiiiih; ^ms liclil, Luiiisiaiia. I'ljpci: ru^iunal truss scttioii llirougli iiuiLli- 
tmLiiil pan ul liclil. L.iiwci: tlnst-iip shoMiiij^ rcstrvuir rotk. Cuuilesy American 
AsstJcniliun of Petroleum Geologists. 
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In the southern part of the distrirt, in La Salle Parish, is another 
roncentration of oil fields. In at least one of these, the Standard/^” 
the trapping is anticlinal. 

Louisiana Gulf Coast.*'*« The leading lields in the Louisiana Gull 
Coast district in cumulative production are the Jennings and the 
Iowa; the leading fields during UUl) were Della Farms and Erath. 
As the salt-dome fields of the Gull C:oasl were ilisi iissed in Cdiapter S, 
they will not be consiilered in any great detail here. Flic discoverv 
well of the Jennings field was drilled only eight months alter the 
completion of the Lucas discovery at S])iiulletop. It was located 
wdiere it was because of gas seepages on i topographic niound. From 
1901 until 1929 the production at Jennings was obtained exclusively 
from arched Miocene sediments overlying the cap rock. These arc 
shallow reservoirs lying within 2000 feet of ihe surface. In 1929 the 
first Oligocene flank production was discoven il at a ilepth of more than 
7500 feet. How'cver, extensive exploitation of tlie draggeiTup com¬ 
plexly faulted, flank samls did not begin until Ifl-Ui. It is estimated 
that eventually as much oil wdll be obtained from the flanks as from the 
supercap reservoirs. 

The hiatus between the discovery of shallow su|)ercap reservoirs and 
of flank reservoirs was even greater at A use la Ihiltc dome.'*'- 'This 
salt-cored structure was discovered in 1901, but it was not until 1910 
that flank production was found. At Aiise la Ihitte the salt rises to 
within 100 feet of the surfate. The reservoirs range in age from 
Pleistocene to Miocene and in dejuli from a few hundred feet to 
more than 9000 feet. 

The first salt dome found to be oil bearing east of the Mississippi 
River w^as the Darrow doine,^-'-* which lies on the left bank ol the 
Mississippi River, betw^een Baton Rouge and New (Orleans. 'The 
Darrow^ dome produces irom both snjjerca]) and flank sands. 1 hey are 
thought to belong to the same Miocene formation, although they are 
spread apart several thousand feet by the intrusion of the salt core. 

Shrcvcpnrt Cicnl. Sue., np. ril., pp. 461-lfiG. 

t'-cdl W. Sinilli, “(iiilf C'lHisl Oil l iclils.” World Oil ftliill' Cnasl Issue). Vol. ISO 
(|iine, 1950), pp. 92-120; C;L'ur^^r \'. Mnv, ■ nevi-liJiJim'iiis in l.nui.siiin:i (iiilf Cuasl 
in 1919," Bull. Am. Assnr. Prlrol. OvoL. \’iil. .^1 Cjiiiic. 1950), pp. 1I91-I19R. 

1'^ (;. n. Rtiiith, ‘■.Siil)siiif:iic Snnh, jLiniiiiKs I'irlrl. AL:nli:i l*:irish, Luiiisiaiia," 
BuU. Am. A.vsor. Pr/rol. OeoL, \’iil. 27 fAii^^usl, 1913), pp. 1I02-"1I22. 

AV. IkilLs anil |ay 11. Wliarluii, ji.. “Aiisc 1:i Hiilie niiiiic, Si. Mailiii 
Farisli, Louisiana," Bull. hn. Aytor. Petrol. GeoL, Vol. 27 (Augiisi, KOI.'!), pp. 112.^ 
11.56. 

iwsCariDll E. Cook. "Danow Salt nriinc. .A.sccnsifin Parish, Luuisiaiiu," Bull. Am. 
Assoc. Petrol. Geol.j V'ul. 22 fOtloliLT, I93K), pp. 1112-1122. 
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Much the greater part of the production has come from truncated 
reservoirs at depths averaging 5700 feet on the eastern and sinith- 
westerii flanks and 7000 feet on the southeastern flank. The reservoir 
sandstones have been dragged up so that they lodge against the salt 
mass at relatively high angles. As a result, the width of the producing 
zone is extremely narrow, which makes it difficult to find from the 
surface. 

riie discovery field in the open waters of the Gulf of Mexico, the 
Creole,^'” lies off Cameron Parish in southwestern Louisiana. This 
field occupies but a small jjart f)f a large domed area that was out¬ 
lined by a seisniograjdi survey. Oil occurs in three sands of Middle 
and Lower Miocene age, ranging in depths from 5100 to fifiOO feci. 
Trapping is brfiught about by faulting, wdiich seals tlie producing 
sands against shale bodies. A drawing of a mf)del of this field is repro¬ 
duced in Chapter B (Fig. fifi). 

During the first half of 1919, a well drilled 4 miles off the coast at 
La Fourche Parish struck salt at a depth of 21.SI fect.^*'"’ A second 
well struck oil on the flanks of this submarine salt dome. Subse¬ 
quently, six more producing wells have been drilled in this, the Bay 
Marchand, field. Four sands that produce have been found, ranging 
in depth from 2900 to 5100 feet. 

In addition to Creole and Bay Marchand, ten other fields had been 
discovered in the open waters of the Gulf of Mexico off Louisiana 
l)y niid-1919. Carsey lias estiniatcd that at least 87 potential oil-bearing 
striic Lures have already been discovered in Louisiana winters at a dejjth 
shallow^ enough to warrant leasiiig.^^'^’ He also notes that at least ten 
fields on the mainland are in reality situated upon recently constructed 
natural levees of the Mississijipi delta in w'hat w-as ojien w^ater of the 
Gulf not very long ago, so there is nothing new about continental 
shelf production. 

Faulting also played a prominent role in the accumulation of oil 
in the Eola field in the northern part of the south Louisiana district.’*'" 
The main production conies from sands in the Low'er Eocene at an 
average depth of 8500 feet. Amiimilation is made possible by the 

Thcrnii Wassnn, "Crcnle Ticlil, Gulf iiF Mexirr). t'-niist of I.Diiisiaiia,’' Structure 
of Typical /linrn'rnri Oil Fields (Am. Assnr. Tel ml. Cicol., 1918^, A'nl. 3, pp. 281-298. 

|. K. K:islmp, “ I'hc rMilirnriiia Company’s liny Mnnlr.inil I'iclii,” World Oil, 
Vol. 12.9 (Aiigiisl, 1919), p. 7G. 

!«•■' [. Ren C.nr.sry, "(ii'olof^v of Gulf Coastal Area anil CnniLinenial Shelf,” Bull. 
.4in. Assoc. Petrol. Gro/., ^’nl. .31 (March, UC'jO), pp. 361-.38.'5. 

in: rml AV. Rales, "Geology of Eola Oil Field, Avoyelles rarish, Louisiana,' 
B\dl. .4ni. Assoc. Petrol. Geol., ^'Dl. 25 (July. 19-11), pp. 1363-1.39.5. 
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presence of a prominent plunging anlidine, ivhith appears to be a 
structural offshoot from the Cheneyville salt tloinc, with a complex 
system of normal faults truncating the plunging anticline and thus 
supplying closure. 

Combination trapping is shown in the University oil riehl, which lies 
east of the Mississippi in East Baton Rouge Parish.’"^ Oil and gas are 
obtained from four Miocene sandstones ranging in depth from d'lOO 
to 7100 feet. Three of the producing samlstoiies, im lnding the main 
oil-producing (“0400 foot”) sand, show siructiiral tr;ip])ing in a rela¬ 
tively steep-sided dome with a gently roumled top. The “4.^00 fool" 
gas sand, however, pinches out to the northwcsl so that appn^ximaiely 
only the southeast half of the dome is j)roiliutive at this level. In 
common with other domes in the Louisiana Ciilf ilistrii t, the University 
structure has probably been the result of the intrusion of a deep-seated 
salt core. 


Arkansas 
(Figures lM-130) 

In 1940 Arkansas coiuributed a little more than P/4 per rent of the 
nation’s total oil production. Although ihe northwestern part of this 
state began producing natural gas in about 1S99, it was not until 1921, 
w^hen the El Dorado pool in the southern part of the state was discov¬ 
ered, that Arkansas entered the oil-producing colunin. A yi‘ar later 
the prolific Smackcjvcr pool, in which some wells were crediled with 
initial productions of as much as 70,000 barrels a day, Avas found. 
This flood of oil pushed Arkansas into fourth place among oil-produc¬ 
ing states in 1925, but additional discoveries were slow in coming and 
subsequently production declined to far below the jjeak year. A cam¬ 
paign to explore the deeper reservoirs in southern Arkansas got under 
way in 1937, and a number of new pools, and deeper reservoirs in older 
fields, resulted. During 1949 seven new fields were discovered, as well 
as four new oil reservoir zones in old fields. The reflection scisnio- 

iDs Michel Hnlhriiity, "Slr.ici^rapliic Reservoirs in l'ni\ ni.siiy Oil Firlil, East 
Baton Rdu^c Parish, Louisiana,'’ Stratigraphic Type Oil I’ields (Am. Assoc. Pcirol. 
Geol., 1911), pp. 20S-236. 

njo D. K. MacKay and L. F. Daiiroilh. "Oil ami Gas DcvrlnpmciUs in Arkansas 
in 1948,” Am. Inst. Min. Met. Ent^incers, Sfatistirs of Oil and Oas Developwent 
and Produclion (1.949): .Shreveport Geol. Soc., Reference Report on Cerlain 

Oil ajid Gas Fields of Sorih Louisiana, Sn}ith Arkansas, Mississippi, and Alabama, 
Vols. 1 (1946) and 2 (1917); ficorge H. laiiilicr and I). K. MacKay, "Secondary 
Recovery of Petroleum in Arkansas—A Survey," Arkansas Oil and Gas Commission 
(£1 Dorado, 1946). 
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graph has been extensively employed in southern Arkansas as a pros¬ 
pecting tool. However, the gravity meter, magnetometer, and core 
drill are also used in this arca.=*"" 

Geologically, Arkansas can lie divided into almost equal halves by a 
diagonal line extending Irom northeast to southwest across the state. 



Fin. 131. Arkiiiisiis. Miijor iciionic fealures anti oil anil f;a.s ficltls. 


The northwesl segment is umlerluin by Puleo/.nic roeks, whereas the 
southeast half belongs in the Gulf Coastal Plain proviiiL'e where the 
rock formations at the surface were deposited during the great Mesozoic 
and Ccno/oic overlaps of the Gulf cmbaymeiit. Ccnozoic (Quaternary 
and Tertiary) rocks lie at the surface over all the Arkansas (joastal 

-no Milton W. Coiiiin, “DEVElopmenis in Arkansas and Nnilli Louisiana in 1*1-19,” 
Hull. .-Irn. .-Ijijifjr. Pvlrol. Oro/., \’ol. 34 (juiiE, 1950). pp. 1199-1211. 
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Plain belt except for a small area of Upper and Lower Cretaceous out- 
trnps in the southwestern part of the state. 



Fir;, Arkuiisas. Oil ami ^as ficlils. 


Gulf embayiTienl, the regional structure is roiitrolleil by the O/ark 
uplift of southern Missouri. To the south, in western Arkansas, is the 
east-west synclinal Arkansa.s Valley district of Paleo/oii sediments con¬ 
taining some commercial accumulations of gas along faulted anti¬ 
clines. At the southern end of the Paleozoic belt is the Ouachita Moun¬ 
tain anticlinorium, noted for the intense deformation of the lot al rocks. 

The Coastal Plain half of Arkansas lies within the widespread Gulf 
embayment province of 1 exas, Louisiana, and states to the eastward. 
Tectonically, southern Arkansas belongs with Louisiana. It occupies 
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ihv nurtheast Hank of the Sabine uplift, the highest point of which is 
in northwestern Louisiana. The regional dip in the Upper Cretaceous 
beds is southeastward, then eastward into the Desha basin of south- 



Fin. 136. Arkansas iiiilcx map. 

Aj Ashley Cuunly. H, Lafayuue Cuumy. 1. F.Ulnradn oil held. 

n, Crawford Cniinly. I, Coliiinhiu Coiiniy. 2, Siiiackover nil field. 

C, Sebastian Coiinly. J, Union County. 3, Steiilicns oil field. 

1), Franklin County. A', Nevada CoiiiUy. 4, Foiikc oil field. 

E, Jnliiisnii County. L, Ouachita County. 5, >ra|irnolia oil field. 

F, Pope Cniinlv. A/, Calhoun County. 6, Schuler oil field. 

C, Miller County. 7, White Oak gas field. 

eastern Arkansas. The dip in the Lower Cretaceous and Jurassic 
formations, however, is southwest and south. A belt of long, narrow 
grabeii faults runs from west to east across southw^estern j^rkansas and 
appears to line up with the northeastern end of the Mexia-Talco fault 
zone of east Texas. 
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The reservoir roi:ks of soiiLhern Arkansas all lie vviiliin ilic Gulf cni- 
bayment sediments, at least as so far developed. 4'Jiese range in age 
from the Nacatorh sandstone ol Gulf (Upper Crclaieous) age down 
to the Jurassic Smackover limestone. Between the Naeatneli sandstone 
and the Smackover limestone are numerous other reservoirs belonging 
in the Gulf series (Upper Cretaceous), Coinanchean series (Lower 
Cretaceous), and the Cotton Valley beds (upper Jurassic). 

The principal reservoir rocks in the Arkansas River district in the 
Paleozoic belt are sandstones lying within the Atoka ionnation of the 
lower Pennsylvanian. 

The hydrocarbon deposits of Arkansas also fall into two very distinct 
districts. One is the Paleozoic area in northwestern Arkansas, where 
only dry gas has been found to date. The gas-prodiu ing area lies in 
the eastern part of the McAlester coal basin of eastern Oklahoma. The 
other district is the southern part of the state, far enough south of the 
edge of the Gulf embayment so that a thick series of Mesozoic and 
Cenozoic sediments is present. Here are found the nil fields, which 
are scattered over parts of eight counties and which constitute the north¬ 
ern edge of an oil-producing district encompassing southern Arkansas 
and northern Louisiana. 

Northwestern Arkansas Gas District. Ihc gas fields are most numer¬ 
ous in the vicinity of Fort Smith on the Arkansas River, a short distance 
east of the Oklahoma line. Crawford County has the most pools, but 
some gas has been found to the south, in Sebastian County, and the 
district extends eastward down the Arkansas River valley across Frank¬ 
lin and Johnson counties and into western Pope Ca)unty. Fhe largest 
current production is frcjin the White Oak field, discovcTeil in 191.^, 
in Franklin County. The trapping of the gas is anticlinal, but erratic 
permeability of the sandstone reservoirs and faults causes some ir¬ 
regularities in distribution. The gas is cxrej)tioiially dry. It breaks 
all the rules by being present in rocks in which the carbon ratios 
range from 82 to 87.-“^ 

Southern Arkansas Oil District. Most of the oil fields of Arkansas 
lie in the southern tier of counties extending from Miller on the Texas 
line across Lafayette, Columbia, and Union counties and into Ashley 
County. The district extends far enough north to include southern 
Nevada, Ouachita, and Calhoun counties in the second tier north of 
the Louisiana border. Structural traj3S are by far the mosl common type 
in the fields so far discovered in southern Arkansas. Out of twenty- 

201 Carey Croneis, “Natural Gas in Interior Highlands of Arkansas,” Cenlogy 
of Natural Gas (Am. -\ssoc. Petrol. Geol., 1935), pp. 533-574. 
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live fields studied and described by the Shreveport Geological So¬ 
ciety,eighteen show anticlinal accumulation and the remaining 
seven are fault traps. The longer axes of most of the anticlines trend 
east and west, parallel to the regional strike. I’he fault accumulatinns 
are also remarkably alike. The fault lines tend to follow an easterly 
direction; the down side is to the north; and accumulation is immedi¬ 
ately south of the fault in the up block. The oil moving up the 
regional dip from the south has been blocked by impervious material 
across the fault plane. 

The discovery field for Arkansas, the El Dorado, is a stratigraphic 
trap on a structural terrace. I'he second field discovered, the Smack- 
over, stands at the top in cumulative production and was in second 
place in annual production in 1949. It produces from a number of 
sands in the Upper Cretaceous, the uppermost of which is the Naca- 
toch, which lies at an average depth of 2000 feet. The oil-bearing 
sands occur as lenses in a section 200 feet thit:k. In 1939 Smackover 
had a sec;ond "boom” following the discovery of oil in the much 
deeper Jurassic limestone that became known as "Smackover lime." 
This limestone was subset|uently found to be present ami productive 
in other pools in southern Arkansas and northern Louisiana. The 
major structural features at Smackover are the Norphlet dome on the 
east, separated by a syncline from the Lovann terrace on the west, 
and a clow^iithrown block to the north. The trapj)ing in the Upper 
Cretaceous sands at the east end of the field is due to the closure on 
the dome, but at the western edge trapping appears to be due to the 
shaling out of the Meakiii reservoir sand. Even in the structurally 
closed part of the field, the distribution of producing wells is con¬ 
trolled to a considerable extent by the porosity and jjermeability 
of the reservoirs. 

The nearby Stephens oil field was discovered at about the same 
time as the Smackover field. However, Stephens is a typical Arkansas 
fault field. A strike fault has severed the Upper and Lower Cretaceous 
reservoir rocks, trapping the oil that has ascended up-dip from the 
south in the upthrown block. A little more complicated is the ac¬ 
cumulation in the Fouke field of Miller County.-®‘ I’his field lies 
in the previously mentioned graben zone near the southwestern corner 

•■ioa Of,, ril. 

i‘D3 \v. Spiiniicr, “Stephens Oil Fitlil, Culiinihia and Onailiila Ciuinlics, 
Arkansas," .WutrOirp of Typicnl American Oil fields (Am. Assoc. I*eirol. Gcol.. 
\’ol. 2. pp. 1-17. 

-04 c. h. Srhwailz. "Fouke Oil and Gas Field, Miller C.ouiity, .Arkansas," Slruciure 
of Tyfjictil Anicricun Oil fields (,Aiii. A.ssoc. Petrol, Ceol., 19IH), Vol. 3, pp. 5-23. 



of Arkansas. Oil moving up-dip to the north has been iinpounded 
by a faiill, but curiously enough cliere is some north dip on the north 
(down) side f)l the fault, and a negligible amount of oil accunudnled 
on that side. The principal reservoirs are the Paluxy (Lower Creta¬ 
ceous) sandstones. In 1947 gas and condensate were struck in the 
deeper Kilpatrick limestone of the Rodessa formation, which is also 
Conianchean in age, but the Kilpatrick reservoir is unimportant, as 
yet at least. 

A typical recent discovery in southern Arkansas is the Schuler field 
in Union County, about IS miles southwest of El Dorado, Arkansas."""’ 
The principal reservoir is the Jones sand at the base of the Cotton 
Valley formation (Jurassic), which produces at depths beivveen 7.500 
and 7fi50 feet. The discovery wxdl, which was drilled in 19.S7, struck 
a heavy flow of oil in the Jones sand. Iiap|)ing is anticlinal, but 
lenticularity of the sand is also a factor. I'hc subsut lace contours show 
the presence of two domes on the Schuler anticline; oil fills nol only 
both domes but the intervening saddle area as well. Repressuring of 
the Jones sand reservoir by both gas and water has proved highly 
successful. 

The field leading in oil production in southern Arkansas in HH9 
was the Magnolia,-"” which was discovered in 19.^B by a well located 
after surface geology and seismograph work had imiicated the presence 
of a large anticline. The field lies a short disiance east of Magnolia, 
the couiily seat of (Columbia County. It is fi miles long and 1 1/5 
miles wide. The long axis trends almost due cast. The trap is an 
elliptical, fairly syminetrical anticline with nearly 300 feet of closure 
above the oil-water interface. The principal reservoir is the Reynolds 
oolite member of the Jurassic Smackover formation, lopped about 
7350 feet beneath the surface. 

Mississippi 
(Figures 137-139) 

In 1949 the state of Mississippi was credited with a little more than 
2 per cent of the domestic petroleum output and a little over 1 per 

2»5 Warren 14. Week.s anil Clyde W. Aluxaiidci, ‘‘SchulEr l-iirlil, lliiinn Cniirity, 
Arkansas.” Bull. .Ini. Assoc. Petrol. Geol., Veil. 26 (.September, 15M2). pp. HriT-l.Sie. 

200 Shrcvcporl ClmiI. Sni .. Heferetirr Report on Certain Oil and (ias Fields 

of North Louisiana, South Arkansas, Mississippi, and Alabama, Vnl. 1, |ip. .^7-41. 

20 T Shreveport Ceiil. Snr., PM’i Reference Report on Certain Oil and Oas Fields 
of North Louisiana, South Arkansas, Mississippi, and Alabama (1946, 1917), two 
vdIs.; William Clilford Morse, ‘ Mis-si-ssippi Oil RL*5niircc.s," IVorld Petroleum, Vol. 16 
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cent ul the world production. The first commercial discovery of hydro¬ 
carbons in this state occurred in 192fi, when the small Amory gas 
field in Monroe County in northeastern Mississippi was found. The 
much larger Jackson gas field was disc:overed in 19.^0, and the first oil 
field, the Tinsley, became productive late in 1939. This discovery 
brought about an extensive exploration program that reached a peak 
in 1940, when sixty-eight geophysical parties were in the field at one 
time. The subsequent wildcatting was at first highly disappointing, 
but by 1943 exploration began to pay dividends, and discoveries are 
still continuing. I’here are now over thirty oil fields, gas fields, and 
gas-condensate fields. 

Thv oldest extensive surface formations in Mississippi are Cretaceous 
sediments in the northeastern part of the state. Successively younger 
I'ertiary formations crop out to the south and west, and Quaternary 
depcjsits overlie the Tertiary in the Mississippi Valley and along the 
Gulf C]oast shore zone. 

In the very northeastern corner of the state, Paleozoic formations of 
Mississippian age crop out beneath the leather edge of embayment 
deposits, 'riiioughout a considerable area in northern Mississippi, 
the Paleozoic formations lie wuthin less than fiOOO feet of the surface. 
This is the western end f)f a Paleozoic basin to which the name “Black 
Warrior” has been applied. Its extent and significance wull be dis- 
c:iissed in the section on Alabama. Within the embayment clcj)osits, 
the most jjromineiit tectonic feature is the Jackson dmiie of southwest 
central Mississijjpi, which covers many square miles and has a closure 
of more than 1500 feet. To ihe soiilh the strata dip Gulfward, but 
to the north the dip is largely westward tow^ard the bottom of the 
Desha basin, the Icjwest point in the Mississippi embayment, in eastern 
Arkansas. 

A third belt of interior salt drmics crosses Mississippi in a southeast¬ 
erly direction from northeastern Louisiana across the Alabama line. 
So far as is known at present, the coastal domes of Louisiana do not 
extend east of East Baton Rouge Parish, but the southeasterly trend 
of the interior domes brings them fairly near the coast north of Mobile 
in southw-estern Alabama. For the past several years, new salt domes 
have been discovered each year in Mississippi. Depths to the top of 
the salt range from less than 1000 feet to more than 13,000 feet. In 

(Fchriiaiy, inlTi), pp. 53-54: V. T. Hiiliien. "nevclopiTicnls in .SniichEasLErn States 
in \9\9," null. .^w. yl.unr. Prlrul. Grnl.. Vnl. 34 (Jiiiie, lH5n), pp. 1215-1223. 

F. F. Mcllcn, "lllai'k ^^'alTiD^ llasin, Alabama ami Mississippi," Bull. Am. 
Assoc. Petrol. Cvol., \o\. 31 (Ortolicr, 1947), pp. 1801-1816. 



Mississippi 


453 



Fin. 137. Missijisippi. Nfajor siruclural features, sail domes, and oil and gas fields. 
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Fir.. 13H. Mississippi. Uil anil )^.i5 fields. 






Fic. 139. Mississippi index map. 


A, Monroe Coimiy. 

B, Yazon Clounly. 

C, Adams Coiiniy. 

D, Franklin Couniy. 

E, Madison County. 
E, Claiborne County. 


r;, VVaiTEii Cijunly. 
H, JclIcr.son County. 
/, Jones County. 

1, Aniory gas field. 

2, Tinsley oil field. 

3, Pickens oil field. 


A, fackson gas field. 

5, Kings gas field. 

6, IJniinsljerg gas field, 

7, McRride gas field. 

8, Cranfield oil field. 

9, Ovett oil field. 
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addition, it is rather generally assumed that the oil fields jirodudng 
from structural domes (and this constitutes a large proportion of those 
in Mississippi) overlie deep-seated salt cores, the intrusion of which 
was responsible for the doming.^^"® 

The reservoir rocks in Mississippi are mainly sandstones and sands. 
In the embayment area they range in age from middle Eocene to early 
Comanchean. The gas sand in the Amory field of Monroe County in 
northeastern Mississippi is Paleozoic in age, perhaps Mississippian. 
The most productive formations in the embayment area are the Tus¬ 
caloosa, Austin, and Eagle Ford, all Upper Cretaceous in age. The 
Eocene Wilcox is becoming increasingly important as an oil reservoir, 
however. A sandstone at the top of the Selina chalk of Upper (Cre¬ 
taceous age is the gas reservoir in the Jackson gas field and an oil 
reservoir in several other fields. The Comanchean reservoirs include 
the Glen Rose and the Travis Peak. The Travis Peak has only 
recently been found to be productive in Mississippi. 

Geologically, Mississippi can be divided into two and perhaps three 
potential oil- and gas-producing districts. The northernmost of these 
is the Paleozoic district, in which the reservoir rocks lie below the 
veneer of embayment deposits. Although represented only by an 
abandoned gas field, further discoveries may be made here in the 
future. The rest of Mississippi lies in the embayment district in 
which the reservoirs as well as the surface strata were deposited during 
the overlap of the Gulf of Mexico in Cretaceous and Fertiary times. 
The Gulf Coast of Mississippi may in time become a third district, 
corresponding to the Louisiana Gulf Coast district, if Miocene pro¬ 
duction is obtained in this belt. 

Paleozoic Area. The Amory gas field, the first accumulation of 
hydrocarbons in commercial quantities to be found in Mississippi, 
was discovered in 11)26 and abandoned in 1937 after having furnished 
nearby communities with almost a billion cubic feet of gas. This field 
was in east central Monroe County not far west of the Alabama 
boundary. The Paleozoic reservoir rocks, which are generally assumed 
to be of Chester (Mississippian) age, lie at a depth of about 2400 feet. 
So far, very little attempt has been made to find other fields in the 
Paleozoic rocks beneath the embayment sediments, but the Mississippi 
Geological Survey is currently investigating the possibilities. 

200 Slircvcpon Ocol. .Soc., op. cit. 

210 AiiiJii., “Mississippi fids Travis Peak Oil,” Oil and Gas Jour., Vol. 48 (Feb. 16, 
1950), p. 149. 
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Embayment Area. The Jackson ^as field was discovered in 1950 
and was approaching abaiidonineiiL thirteen years later. The gas field 
occupies the very top of the large Jackson dome, with water under¬ 
neath the gas. The trapping is obviously anticlinal. The reservoir 
rock is a porous zone at the top of the Upper Cretaceous Selma chalk 
and immediately beneath the unconformable Midway (Eocene) chalk. 
The core of the Jackson dome is igneous rock of sycnitic composition, 
which has been found beneath the chalk by some of ihe field wells. 

The Tinsley field of Yazoo County in west central Mississippi is not 
only the first oil field to be discovered in the state, but it is also far 
ahead of the fields subsec|uciuly discovered in cumulative production. 
It ranked second in output for 1949. Accunuilation has taken place 
in an irregular and complexly faulted anticline.-^- I'his structure was 
discovered originally on the surface by the Mississippian Geological 
^Survey during a locally sponsored county .uineral survey, but before 
the discovery w^ll was drilled, the dome was cheiked by a relict tioii 
seismograph survey, 'fhe discovery well for the field foiiiul oil in a 
sandstone facies of the Selma chalk or “Jackson gas rock,” the term 
applied locally to the producing zone in the Jackson gas field. Pro¬ 
duction from this reservoir is rcstric ted to some extent by the pinching 
out of the sand on the west flank of the I'inslcy anticline. Subsetpient 
wells located oil in several Upper Cretaceous reservoirs below the 
Selma. 

I’he largest field in terms of annual production in 1949 was Craii- 
lield, wdiich lies in eastern Adams and western franklin counties.=^^ 
This field produces from both the Eocene Wilcox and the Upper 
Cretaceous Tuscaloosa. The latter formation produces both oil and 
distillate. The trap is a dome almost perfectly circular in plan. The 
distillate in the Tuscaloosa occurs across the top of the dome; the oil 
is beneath, occupying the flanks of the structure in a doughnut-shaped 
ring about 3000 feet in width. 

Several of the Mississippi oil fields are fault traps similar to those 
in northern Louisiana. I he strike of the faults parallels the strike 
of the embayment sediments, which varies from east-west, parallel to 
the coast line, to north-west in western Mississippi, owing to the 
regional structure created by the Mississippi embayment. Regardless 
of the direction of fault line, the downside is always the interior side. 

-11 Donald J. Munroc, '‘Jackson Cas Fidd, Hind.s and Rankin Courilics, Missis¬ 
sippi." Geology of Natural Gas (Am. Assoc. Petrol, Geol., 19.^5), pp. H81-B96. 

21^ Shreveport Geol. Soc., op. cit., Vol. 1, p. 300. 

213 Shreveport Geol. Soc., op. cU., Vol. 1, pp. 249—253. 
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Arcuniulation takes place in the up-blork on the Gulf side of the 
fault. The oil has moved up-dip from the south until trapped by the 
fault barrier. A typical example of this type of trap is the Pickens 
field, in Madison and Yazoo counties, which is illustrated and de¬ 
scribed in Chapter 8 (Fiji^. 65). The Pickens discovery was due to 
surface mappin[>, followed by a detailed geophysical survey. 

In addition to the many fields that are assumed to overlie salt cores, 
Mississippi has one oil field and three gas Helds, all minor in size, 
which produce from the strata arched over salt cores that have been 
penetrated by drilling. For several years relatively small amounts of 
gas have been obtained from the Bruinsburg salt dome in Claiborne 
County (the first interior salt dome to produce in Mississippi), the 
kings dome in Warren County, and the McBride dome in [efferson 
County. 

The salt-dome oil field is the Ovett, in south-central Jones County, 
which w'as discovered early in 1948. The discovery wvW drilled into 
salt at a depth of l.H,152 feel, but on its way down it had found several 
oil "shows” in both Upper and Lower Cretaceous rocks, and it was 
finally completed as a commercial oil well by perforating the casing 
in the Glen Rose section. 


Alabama 

(Figures 140-141) 

Alabama is a relative newcomer among oil-producing states. The 
discovery of oil in Mississippi in 1939 stimulated )jrospecting in south¬ 
ern Alabama, and in 1911 the discovery well f[)r the Gilbertovvn field 
was completed. This field produc:ed approximately 0.02 per ceiii 
of the domestic oil output during 1949. In July, 1950, the Alabama 
State Geologist reported the completion of the discovery well for 
a new field in Clarke County, southwestern Alabama. The producing 
formation is the Upper Cretaceous Tuscaloosa, and the pay zone lies 
at a depth of 5419 to 5429 feet. 

In June of 1948 the first and so far the only known Alabama salt 
dome was discovered at a depth of only 410 feet, near the southeastern 
corner of ^Vashington County, due north of Mobile. This is on 
approximately the same latitude as the easternmost salt dome so far 
discovered in Mississippi. 

-14 Wnllcr B. Jnne.s, “Oil and Ga.s Progress and I’rnspects in Alabama,” World Oil, 
VdI. 131 (July 1. 1950). pp. 57-61. 
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Alabama is far enuugh east of the Mississippi e.nbaymeiu so that 
only the west side and tlie southern half of the state lie in the Coastal 



I'li;. MO. Alabama. Tcaiuiic map. 

Plain. Northurii anil northeaslern Alabama is floored with Paleozoic 
sediments, and in east central Alabama the pre-Cambrian crystallines 
lie at the surface. In ceniral Alabama the highly folded and faulted 
Paleozoic sediment.s of the Appalachian geosyncline disappear beneath 
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d Oil and Gas Reid O Salt Dome 

^ Gas Reid 


Fig. 141. Alahamn index map. /t, Faycitc Cnunly: /J, Winston County; C, Madison 
County; D. \Vashin|rion County; E, Clioctaw County: F, Marion Couniy; 1, Gilber- 

town oil field. 
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the overlapping Cretaceous formations. Between this point and the 
Gulf, the Upper Cretaceous and Tertiary Jormations crop out in rela¬ 
tively narrow bands, wdth Quaternary sediments occupying the shore¬ 
line zone. 

Northwestern Alabama lies in the Black Warrior basiii.-^^ This 
basin is bounded on the cast by the highly folded Paleozoic sediments 
of the Appalachian geosynrline, on the sotith and soiitlnvest (beneath 
the embayment overlap) by the southeasterly extension of tlu* Ouachiia 
Mountain system, and on the north by the Nashville doim* on the axis 
of the Cincinnati arcli. 

So far no discoveries have been made in the Paleozoic rocks of 
Alabama except for some small gas finds in Fayette, Marion. Winston, 
and Madison counties in nortlwestcrn and northern Alabama. 
However, this area is receiving some aUei.iii>ii: of twenty wildcats 
drilled in Alabama in HJIH four were located in the l*aleo/oic area.-*' 

The Gilbertown field is in western Choctaw County, only a short 
distance east of the Mississippi line. It is illustrated and described in 
Chapter 8 (Fig 65) as an example of fault trapping. 

Florida 

(Figure 112) 

Florida is so far a one-field state. The first producing well, the 
discovery well for the Sunniland field, was rom|)leted in September, 
19^3, at a total dc]Hh of 11,626 feet. J'he initial ])roduction was about 
HIO barrels a day of blatk a.sj)haltic r)il of 2(P gravity, which ivas ade¬ 
quate to win the .1|I50,00() rcw'ard that had been posted liy the state for 
Florida’s first commercial well. Seven years later the field roiisisled of 
twelve producing wells, six of wdiich were |)uinping and six flowing.-*'* 
The discovery well has been abandoned and convertetl to a salt-w^atcr- 
disposal well. J'he newest pnidiiciiig well lies about 1 miles northwest 
of Sunniland in the same pool. It w'as conij)leted on Jan. 3, 1!)5(). 'Fhe 

I’- F. Mcllcii, “Hl:irk Wiirriiir Itasin, .\hili:iiii:i :iiiil Mi.ssissi|)|)i," Hull. Ain. 
Assoc. Petrol. GeoL, Vol. 31 fOilnlier, IHIT). pp. IHOl-lHlfi. 

Douglas R. Sciiiiiics, "Oil anti Gas in Alaljaina," Alnbawn Gfo/ogirv// .Survey, 
Special Report 1.5, July, 1929. lOK pagc.s. 

-1" R. M. Harris anil W. M. PayiiL*. "DfvclopniL’iiis in Snullieaslrm .Se,iles in 
1918,” Bull. Am. Assoc. Petrol. GeoL, Vol. 3.3 rjuiic. 1.919). pp. 1002-1910. 

-ISA. M. CiuiTcnl, “(iilljtrlijwn lieltl, faioilaw Coiinly, Alahama,” Structure of 
Typical American Oil Tields. Vol. 3 fAin. A.s.soc. I’cnol. (icol., 1918), pp. 1-1. 

Herman fiunler, ‘’F.xploralion in Florida,” World Oil, Vol. 129 fSeplcmber, 
191,9), pp. fi!)-72: "Oil F.x|)loralion in Florida dining 1919,” Oil nurl Gas Jour., 
Vol. 49 (June 22. 1.9.50), pp. 310-312. 
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Fig. 142. Fliiriilu :iiirl ciivirniis. rL-uoiiic anti iiiilcx iiia|j. 

.■|jjf)nrr/i07i nf Petroleum Geologists. 


After Pressler [1947) 
Courtesy American 
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New Mexico 

Horida production during 1949 was roughly the same as that ol 
Alabama, or about 0.02 per cent o[ the Dnited Suites oiiipiit. 

Exploration has been very active in Florida both belorc and since 
the discovery ol the SLinniland Held. More than 240 wells have been 
drilled in the state since 1900. About 51) wells Avere ilrilled during 
the biennium 1917 to 194 8. and one reached a depth ol iri,l."ir> leei 
beJore being abandoned as a dry hole. 'Hiese wililcat tests are being 
drilled in all parts ol the state. Several have liad shows ol oil ol sulh- 
cient inagiiitude in warrant testing, but it was not possihit to complete 
any oi them as commercial [iroducers. 

The entire state ol Florida is llooreil with I’ertiary and Quaternary 
sedimciiLs. The most proiiiiiiein structural leatuie i:i the state is an 
arch that lorms the backbone ol the northern hall ol the peninsula. 
Southern Florida, south anti west ol the Ujjlilt, has been designated 
the “south Florida embaynient." I'he sruliineniary section there 
is up to 20,000 leet thick in einbayinent sialiuient alone, which is 
almost entirely carbonate rock. AVestern or panhandle Florida con¬ 
tains the Apalachicola eiidjayment, in which tlie sediments are mainly 
clastic. 

i'he Sunniland field lies in Collier (bounty on the wesi side ol Florida 
near the southern tij). Fhe reservoir rock is called the Sunniland 
limestone, and it is prtibably approximately Cden Rose (Lower Cre¬ 
taceous) in age. The trap is a dome with ndniimmi tiplilt id 200 
leet. rile Sunniland limestone has a niaxinium ellcctive jiorosity 
thickness ol 10 leet. It is highly porous through this zone and may be 
a I eel. Anhydrite occurs in the ovei hing sediments, and some rock 
salt has been penetialed below the Suiiidlaiid limestone in a few 
wells. 

New Mexico--’ 

(Figures 14'1-14.5) 

During 1949 New Mexico |)roduieil about 2.7 per cent ol the total 
output ol oil in the United .Stales. I his amounted to slightly more 
than the Wyoming production. During the same year, the New 
Mexico yield was about 1.4 per leiit ol that lor the entire world. The 
oil and gas fields ol New Mexico occur in two districts in opposite 
corners ol the state. About 99 per cent ol the state's oil conies from 

K. D. riES-slcr, "GEDlof^y anil Ociuitciiel* of Oil in Flm iila,” /SuU. Am. Axstm:. 
Ptflrtil. Geol., Vnl. .^1 (OnnliL-i, UM7). pp. lH,Tl-IHr32. 

RoberL 1.. Rales rt al.. ‘‘TIil' Oil anil (ia.s Ri-soin i fs of New Mexico.” 2nd eil., 
.V. Mex. Srhoof Mines, Hull. IH (1942). 
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two counties, Lea and Eddy, in the southeastern corner ot New 
Mexico. T. he remainder conies from San Juan and McKinley coun¬ 
ties in the northwest corner of the state. 



Fir,, ]r^. Nonhwcsicm unil soiilhciislcm New Mexirn. Afajnr slruriiiral fcaiiires 
uiul oil anil ;;as Hl'IiI.s. 


In southwestern and north central New Mexico, diastrophic activity 
in the ideologic past w^as intense, and uplilted pre-Cambrian cores have 
been exposed by erosion in numerous places. In addition, considcr- 
iible igneous activity in 1 ertiary time resulted in many intrusions, 
which have subsequently been unroofed, and cxtensi^e lava flows that 
have covered thousands of square miles, especially in the southwestern 
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(juadrant of the state. Geologists are beginning to consider the oil 
possibilities of the lava-covered sediments. 

Southeastern New Mexico. Recorded produciion began in south¬ 
eastern New Mexico in 1912 in what was then known as the Dayton 



Fic. \44. New Mexico. Oil anri gas fielHs. 

pool but which later became a part of the Artesia field. The output 
remained insignificant until 1923, when the Artesia field was more 
extensively developed. The first major strike in this area was the 
Hobbs pool in 1928, leading to an extensive exploration program that 
is still in progress. During 1948 the Crossroads field in northeastern 
Lea County was discovered at a depth of 12,215 feet, at that time 
the deepest production in the district. A few months later, how- 
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ever, a well in eastern Lea County, some distance to the south of the 
Crossroads field, struck oil between a depth of 12,500 and 12|600 feet. 



I'n;. 115. New Mexico index map. 


//, Chaves Cniinly. 
li. Lea CniiiUy. 
r. Eddy C'.cniiiLy. 

[), San Jiiaii Conniy. 
K, McKinley Caniniy. 


F, Sandoval Cniinly. 

G, Rio Arrilia County. 

1, Artesia oil Held. 

2, Hidihs oil Held. 

B, Crossroads oil Held. 


1, Mnniimeiit oil Held. 
5. Driiikard oil field. 

0, I’le f^as Held. 

7, fln^liark oil Held. 

H, Ralllesiiakc oil field. 


Geologically, southeastern New Mexico is an integral part of the 
West Texas district. Although to date the production is confined to 
Lea and Eddy counties, with one L.ea County field overlapping into 
Chaves County, the Permian basin covers additional counties to the 
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west, northwest, and north. I he fields in ihe extreme southeastern 
corner of New Mexico lie oil the northwest rim ol the Central hasin 
platform; the fields ol northern Eddy and central l.ea (i)iinties are 
on the Northwestern shell.--^ The norihein end of the Delaware 
basin extends into southern Eddy and southwestern l.ea counties, hut 
so far no significant production has been tieveloped tin this flank. 

The oil and gas reservoirs in soiitheasiern New Mexico are generally 
similar to those in the neighboring fields in I'exas, bur there have been 
some differences in the discovery history. Only since IlHO has oil 
been produced ironi the lower Permian ^’eso ami Ain; rormations and 
from the Ordovician Ellenburger limestone, and it was not until IHIK 
and 1949 that oil was found in Pennsylviiniaii and Devonian reser¬ 
voirs. Another discovery of 191K was oil in the Montoya limestone 
of upper Ordovit:ian age. 

The leading fields of New Mexico all He within the Southeastern 
district. In i;umulative produtlion Mobbs, at the northernmost li ]3 of 
the Central basin platform, stands first, and Monument, at the north¬ 
west corner of the platform, second. During 1919 the Drinkard pool, 
w^hich lies to the southeast of ihc Monument field, was first and the 
Monument field second in production for the year. 

I'hc Hobbs field “-•* was discovered by geiiphysii al surveys. The 
main reservoir is a porous Permian liinesione about 200 feet thick. 
The trap is an elongate anticline with a noriluvesi-southeast trend. 
The porosity appears to im cease low^ard the crest of the fold, and at the 
very top of the structure ihe linii'stoiie is c\en cavernous. Obviously 
the development of this jmrosity is conneited in some way with the 
tectonic history of the Hobbs anticline. 

The fields in eastern Lea County to the soulh of Hobbs are at the 
northern end of the “sand belt'’ area of Winkler and Ward counties, 
Texas,--* desiribed earlier in the section on West Texas. Accumula¬ 
tion is due to a favorable combination of structure and facies change 
to the east, where the reservoir rock grades inio anhydrite. 

Northwestern New Mexico. Ihe Uie gas field in northern San 
Juan County was discovered in 1921, and the Hogbat:k oil field, 20 

John E. Galley aiifl C». S. rnrey, "Dcvclfipinenls in Wt-sl I exas arnl SniilhcusL 
New Mexim in ' Bull. Arn. Asstic. PrArul. Grnl., Viil. 31 (Juiie. HiriO), pp. 

112.1-111.3. 

^a-sRnnald K. DcEnrcl anrl E. A. VValilsimm. "Hohlis riclil. Lea Goiiniy, New 
Nfexico, ’ liiill. Am. Assoc. Petrol. Grol., \ nl. 16 rianiiary. 1*132). pp. .51-90. 

R. L. Denham anil W. E. DDUj^hcriy. " ■.Saiiil Bell’ .Area of Ward and Winkler 
CDunlie.s, Texas, and Lea Counly, New .Mexico,” Slrali^raphic Type Oil Fields 
(Am. Assoc. Eclrol. Geol., 19-11), pp. 750-759. 
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miles to the southwest, in 1922. The anticlines arc practically naked in 
this country, and the disc overy of Hogback was followed by the testing 
of olher domes, which led to the discovery of the Rattlesnake field in 
1924. .Subsequently, other fields were discovered in this district, but 
so far all have been relatively small accumulations. The entire "Four 
Clorners" area was the scene of considerable activity in 1949-1950. A 
cornjjilation--■* published in 1949 listed eighty traps, almost all anti¬ 
clines, in the San Juan basin, of which fifty-nine are in northwestern 
New Mexico. Of the latter, twenty were still untested at the lime 
the compilation was made. 

The controlling tectonic feature in northw^estern New Mexico is 
the San Juan basin. The deepest part of this basin is in northern San 
Juan County. It covers all San Juan County, northern McKinley 
Couniy to the south, northwestern Sandoval County to the southeast, 
and the western half of Rio Arriba County to the cast. It also extends 
across the line into southwestern Colorado. The basin is bounded on 
the cast by the Nacimiento uplift, on the southwest by the Zuni uplift, 
and on the west (northeastern Arizona) by the Defiance uplift, fhe 
reservoir rocks are mainly sandstones of the Upper Cretaceous, includ¬ 
ing esjiecially the Dakota. In addition, tw'o fields produce gas from 
the Paradox formation of Pennsylvanian age, and oil was at one time 
oljlained from the Pennsylvanian Hermosa formation in the Rattle¬ 
snake field. Wells drilled to a depth of 6700 feet at Rattlesnake have 
developed a helium reserve in the Ouray limestone of Mississippian- 
Devonian age. 

Thirteen oil and gas fields are producing in northwx'siern New 
Mexico.--'’’ IWo are in McKinley County and the others in San Juan 
County. IJoth the McKinley County fields arc oil fields, but in San 
I nan County four of (he ten fields arc gas fields. 

Dobbin shows in tabular form the nature of the oil and gas 
trii])ping in northwestern New’ Mexico. In three-fourths of the fields 
the trap})ing is anticlinal. Several of the anticlines and domes are 
faulted, but the faults do not appear to have played a role of any 
prominence in the accumulation of the hydrocarbons. In four fields 

■J2.1 Tiaiik r. n.iriics, ‘‘Siriiriiirc.s iiF ihc Sail Juan Basin." Oil and Crw Jour., 
VdI. -17 (Man h -U, I D in), pp. DS-DD. 

Paul II. I'nifiach. "Dcvcliipiiicnis in Ari/mia, ^Vcslml New .Mcxiin, ;mil 
Xordierii New Mexico in IDID," Bull. Am. Asjsor. Petrol. GeoL, \'ol. 34 (June, IDriO), 
p. 1 IK). 

C. E. nohhiii, ‘'Striirtiiral Cnnililions of Oil anil Gas Acciiniiilalion, Rocky 
Mouiilaiii Region, Gnilcd States," Bull. .4m. Assoc. Petrol. GeoL, Vol. 21 (April, 
ID 13). p. 456. 
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the traps are in iiiDiiodines, owing to varying permeability of the 
reservoir rock. In these the reservoirs are sandstone lenses in shale. 

The Rattlesnake field was described and illustrated in Chapter 
8 (Fig. 40) as an example of anticlinal trapping. 


Colorado 

(Figures 146-148) 

The state of Colorado was credited with 1.3 per cent of the domestic 
production of jjetroleiiiii during HMD. 'Fhis was 0.7 per cent of the 
world production and roughly the equivalent of that of Ih itish Borneo. 



Oil seepages near Canon City in Fremont County, Colorado, first 
excited interest in 1862, and some of this r)il was exploited by dug 

H. H. Hinsnii. "Reservoir Gliar;iriL*rislic.s of Ralllcsioike Oil iinrl Gas Fiehl. 
San Juan CduiiLv. New Mexico," Hu/i. Am. Axsof. Pclral. Gro/.. Vol. .SI (April, 1947), 
pp. 7.? 1-771. 

2-n f]lark F. Barb, "The Oil and Gas Inrkislry of Colorado," HhmTlerly Coin. 
Srhonl nf Mines, Vol. 37 (April, 1942): J. Harlan Johnson, "Sdeclcd Bibliography 
on Colorado PeOolcum Geology and Slraligraphy," Mines Mag., Vol. 35 (April, 
in4.S). pp. 107-173. 
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and drilled wells. However, it was not until 1886, when the nearby 
Florence pool was developed, that Colorado bej^an continuous oil pro¬ 
duction. I'he modern era began in 1923 with the discovery of several 
Fields in northwestern Colorado and in the Fort Collins area of eastern 
Colorado, but it was not until 1944, when exploitation of the deep 



Weber reservoir at Rangely got under way, that Colorado became a 
relatively importanl oil-producing stale. 

The most recent discoveries ha>e been (1) the Dove Creek pool in 
Monte/uma County, soutliwestern Colorado, by a well completed in 
1948 in the Hermosa-Paradox formation of Pennsylvanian age, with 
an estimated initial production of 200 barrels per day ol 66° gravity 
distillate and 5 million cubic feel of gas; (2) the Gurley held in 
Cheyenne County, southwest Nebraska, in 1949, which brought about 
a considerable revival of interest in the Denver basin of northeastern 

2-^0 C. 1,. Dimii. “nc\ t-’lopnieiils in Rncky Mniiiitain Ke^inn in BnU. j-lm. 

.Issrjr. rrfruf. \'ol. 33 (June, 1949). p. 83.5. 
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Colorado; and (3) the Oak Creek field in Routt County, northwestern 
Colorado, in August, 1949.'“’^^ 

The western two-thirds of Colorado lies within ilic Cordilleran geo¬ 
syncline province and consists of a scries of uj)lifts, some of great 



1 II.. 1 IS. (!iili)r'.i[li) iiiilrx iir.i]). 


IrLMiiniil 

/{. Mi)iilL/uina C.Diiiily. 
r;, Riiuil C.iMinly. 

1). Weld (aiiiiily. 

E, Plata C'.niiniv. 


/’, Ai rliiili-Ui t.iMiiilN. 

1, tliiiriit;[; oil held. 

2. Ciraiiips nil fii-ld. 

.'I, Diive flrerk nil liidil. 


I, Raii^i'lv nil lielrl. 

."i, W'il.snii CiiTk oil lielil 
n, Oak Crc't'k nil field. 

7. Pow der \\ ash oil field. 
H. (.reasewnod nil fielil. 


magnitude, with intervening basins or “parks, " which are floored with 
sedimentary rock. East of the Front Range, and constituting about 
one-third of the state in area, is the district hereinafter referred to as 
eastern Colorado, which is a part of the High IMains physiographic 
province and in which the tectonic features resemble more closely 
those of the Mid-Continent than they do those of the Rocky Mountain 
Cordillera. 

Gilbcil M. Wilson. “Oak Creek I)i.sicivci y,*’ II Oil. Vol. 130 (January, 
1950), pp. 65-66. 
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I he pre-Cambrian basement rocks are exposed in the cores of 
the major uplifts, where they create the mountain ranges for which 
Colorado is famed. The sedimentary rocks are confined to the basins. 
Two basins in eastern Colorado, the Denver and the Canon City, and 
four of the western Coloratlo basins, the North Park, Green River, 
Uinta, and San Juan basins, have been found so far to contain oil or 
gas accumulations. 

The reservoir rocks range in age from the Eocene to the Pennsyl¬ 
vanian. 'File Eocene reservoir is the Wasatch formation, w^hich is 
unusual in that it is of continental rather than marine origin. Tlic 
Upper C^retaceous is re])resented by the Dakota and other sandstones, 
and the Jurassic by the Morrison basal sand and the Sundance sand¬ 
stone. The Weber sandstone of Pennsylvanian age is the most prr)lifir 
reservoir because it is the source of the major part of the Rangely oil. 

Almost all the Colorado fields produce from typical anticlinal 
traps.*''- Some of the anticlines are faulted, but usually the faults 
have had no effect whatsoever on acniiiiulation. An exception is the 
Champs field, a fault trap in the San Juan basin of southwestern Colo¬ 
rado. It is described in a later paragraph. Ch)h)radr) is also a well- 
known locality for fissure accumulation, esj)cr:ially in the Florence 
field of Fremont County. So far, very little oil trapped by varying 
permeability has been found in (Colorado. 

'Fhc Rangely field in northwestern Colorado is the major field of 
the state in both cuinulative and recent annual production. The 
second field in cumulative production is Wilson Creek, which lies to 
the east of Rangely. 

Eastern Colorado. The most prominent structural features of east¬ 
ern Colorado are the 1/as Animas arch and the Denver basin. The 
highest part of the Las Animas arch is in northeastern New Mexico, 
immediately south of the Colorado line, from which point it plunges 
to the northeast across eastern Colorado, losing its identity near the 
northwestern corner of Kansas. Fhe Denver basin lies to the north¬ 
west of the F.as Animas arch. This basin is asymmetric, with the deep¬ 
est part immediately in front of the Front Range between Denver and 
Cheyenne, W'yoming. It is estimated that the pre-Cambrian floor 
lies at an elevation of about —15,000 feel at Denver, which means a 
total thickness to the sedimentary section in that immediate vicinity 
of more than 20,000 feet. The northeastern flank of the Denver basin 
not only extends across northeastern Colorado, but it also covers much 

C. E. Dohbin, “Slruciural Conditions of Oil and Cias Arciinuilaiion in Rocky 
Mountain Region of I’nilcd Stales,*' Bull. /tm. Assoc. Petrol. Cweol.j \'ol. 27 (.April, 
in 13). pp. 452-453. 
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of southwestern and western Nebraska, as well as the southeastern 
corner of Wyoming. 

I he Denver basin is currently having a revival of interest because 
of the previously mentioned discovery in western Nebraska. However, 
this district has had a iiundier ol small fields lor many years. f'he 
Greasewood field at the eastern boundary of Weld County was dis- 
cf)vcred in I^.-IO. Small jjroduction has been obiained from the Grease- 
w'ood sand ol Dakota age at a dej3th ol about 6(150 feet. The trap is 
a low anticline, with lensing of the reservoir sand controlling the dis¬ 
tribution of oil on the structure. 

At the southwest corner of the Den\ er basin is a local offshoot, 
sometimes referred to as the Canon City embaynient but belter de¬ 
scribed as the Canon City basin. This is a small structural pocket 
occupying a re-entrant into the From Range between Pueblo aiul 
Canon City. It is in this re-entrant that the oil discoveries of IH 64 
were made. The accumulation of oil in fissures in the Pierre shale 
in the Florence and Canon City fields in the Ciahon Caty basin was 
described in Cuhapter 8 . 

Western Colorado. Along the north edge of central Colorado is 
North Park, a small Irasin lying between the Park Range and the 
Medicine how Range. Sonic oil and considerable carbon dioxide- 
bearing gas have been found in two antic lines in this area. I'he reser¬ 
voir rock is a sandstone in the Dakota formation. 

To the west in northwestern (Colorado is the southeastern corner 
of the Green River basin, which covers iiiutli of southwestern Wyo¬ 
ming. The southeastern rim of this basin is formed liy the Park 
Range, and the southwestward limit is the Uinta Mountain uplift and 
its southeasterly extension, the Axial basin antic line-White River 
uplift. Half a do/en small fields lie within the Colorado j)art of the 
Green River basin. Accuinidation is entirely controlled by anti¬ 
clines.--*' One domal trap contains the Powder Wash field,which 
has produced as much as 1000 barrels per day and M million cubic 
feet of gas from non-marine sediments of the Eocene Wasatch forma¬ 
tion. Some irregularity in distribution of hydrocarbons oc;curs on this 
struc ture owing to leiitirulariiy of the reservoir sand. 1 he oil and gas 
are thought to be indigenous to the continental sediments. 

Cli:irlcs S. I .;iviiif;lfiii, "(ii caseunricl Oil l iL-liI, Wclil Coiiiily, CnlciiaclD,” Strn/i- 
nraphit Type Oil Fields rAin. \sso(:. Peuol. GlmjI., UMI), pp. 19-12. 

a-'i Ross 1.. HL-aloii, “Rt*l-.ciitiii of Airicmiilaliiin Cii Siriulurc in \nrChivesici 11 
Coloriiilo,'’ Structure of Typical American Oil Fields (.Am. A.smic:. TcOdI. Occil., 
1929). \ cil. 2, pp. 93-111. 

23B w. T. Nightingale, "Pclroleum and Naiiual (ias in Nnn-Maiine Seclinienis 
of Powder Wash Field in Nonhwcsl Colorado,” Hull. Am. Assoc. Petrol. CeoL, 
Vol. 22 (Augiisi, 193B), pp. 1020-1047. 
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The Uinta basin lies to the south of the Uinta uplift, covering a 
part of northwestern Colorado and a large jjart of northeastern Utah. 
This basin contains the great Rangely anticline and oil field, which 
were described and illustrated in Chapter B (Fig. 38) as an example of 
anticlinal accumulation. 'I he second field in cumulative production 
in Colorado, the VV'ilson Creek, also lies in the Uinta basin. The trap 
here is a triangular, asymmetrical dome with closure of about 1000 
feet but with the oil confined to the crestal area.-^*'* 

The San Juan basin, previously described in connection with north¬ 
western New Mexico, extends northward intf) southern Montezuma, 
Plata, and Archuleta counties in southwestern Colorado. It w'as in 
Monte/uma County that the previously mentioned Dove Creek gas- 
distillate field was discovered in HM8. The reservoir rock is a Permian 
sandstone lying at a depth of nearly fiOOO feet. 7"o the eastward in 
Archuleta County, near the northeastern boundary of the San Juan 
basin, is the Cramps field.1 his field was discovered in 1933, but 
geological details were withheld until HMfi. I’he reservoir rock is the 
Upper Oelaceous Dakota sandstone, and the oil has accumulated 
against an east-west faidt that crosses a north-soutli anticlinal axis. 
Not only has the fault provided a barrier to the oil in the upthrown 
block but also it has displaced the fold axis nearly a mile westward 
on the down thrown bloc k. Grani])s field is unicpie in that it is en¬ 
tirely privately cjwned and therefore free from many governmental 
operating regulations. 

I’lie San Juan basin is currently the scene of ac tive investigation, 
llarncs lists twenty antic lines, of which ten are untested, in the 
(a)lorado part of this basin. 


Wyoming 

(Figures 1 n)-131) 

Wyoming is the leading Rocky Mountain state in oil production, 
with an oul|)ut during 1IM9 amouiuing to 2.6 per cent of the domestic 

C. K. nohhiii, “Scrii[-liir:il C'niuliciniis of Oil anil Giis AmimLilatinii in Rni:k\ 
Nfniiiilain Region nl I’liilutl Slulcs." Jiiill. Am. Assor. Petrol. Geol., VdI. 27 (April. 
1!)13), p. l.'jl. 

2:*7 \\. A. Waltlsc'hiiiidt. ''Gnimps FicUl, ArchulL*Cii Couiicy, Colomdo," Structure 
of Tyf)ical Amerienu Oil Fiphis (Am. .\ssoc. Pcirol. riciil., 19IS), Vol. 3, pp. 110-131. 

Frank C. Baincjs. ' .SirinCures of Llic .San |uan Basin,'' Oil and Gas Jmir., 
\’nl. 17 (Mardi 31. HM.n). pp. 98-99. 

Klcaiioi K. KeeltT, R. .M. Larsen, J. D. Love, anil .Maxine W. Allen, “Map of 
Wyoiiiing .Showing 'Lest WclLs for Oil and Ga.s, Anliilinal Axes, Oil and C^as 
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yield. This was 1.4 per cent of the world prodiirtioii, somewhat less 
than that of Mexico for the same period. 

The first successlul well was drilled in Wyoming in IHH.S, hut since 
there was no outlet for the oil, commercial jjnidiiciion did not begin 
until 1895. The great Salt Caeek field, discovered in 1908, became an 
important producer in 191-5. Subsefjueiuly, no year has passed without 



the discovery of one or more new oil fields, and in 1943 Wyoming led 
all states in the finding of new oil, mainly because of new discoveries 
in the Elk Basin field. 

The broader tectonic features f)f Wyoming have a marked influence 
on the topography. T he structural uplifts have been of such magni- 

I'ielrls, Pipe Lines, Unit Areas, and Land District Boundaries,” V. S. (irol. Sunfey, 
Oil and Gas Imfestigation, Prvliwinary Map 107 (1949); Hnrare I). Thoinas, 
“Geology and Petroleum Resniincs of Wyoiiiing," Petrol. Eng., Vol. 20 fN’ovember, 
I91H), pp. 12B-13B; C. L. Dorn, '‘Developiiicnis in Rocky Moiinlain Region in 
IIMH.” Bull. Am. Assoc. Petrol. GeoL, \'d 1. 33 (June, 1919), pp B27-B36: C. E. Doidjin, 
“SLrucliiial Condilions of Oil and Gas An umiilalion in Rocky Mountain Region, 
I nited Stales,” Bull. Am. Assoc. Petrol. Geo/., Vol. 27 (April, 1943), pp. 417-478. 
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Luile that partial erosion has uncovered the pre-Canibrian crystalline 
cores, which have become mountain ranges. Between the uplifts are 
the regional synclinal belts, which contain thick series of sediments 
representing all eras and all periods except the Silurian. I hese broad 
and thick sedimentary rock deposits occupy basins, which are both 



structural and topographic Icatiires. Ii is here that the oil and gas 
fields of Wyoming occur. File marine Meso/oic and Paleozoic rocks 
are exposed, as a general rule, only around the edges of the basins; 
these rocks are masked toward the centers of the basins by thick 
deposits of continental rertiary and Qualernary sediments. 

The major uplifts from west lo east across the northern third of 
Wyoming are the Yellowstone Plateau and Absaroka Range, the Big 
Horn Mountains in north central Wyoming, and the Black Hills, 
which extend from South Dakota into northeastern Wyoming. South 
of the Yellowstone Plateau, in western Wyoming, are the great 
Absaroka and Darby overthrusts, crustal breaks along the Salt River 
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and Wyoming ranges. Trending east-west across north central Wyo¬ 
ming is the Owl Creek-Bridger Mountain chain, and in southwest- 
central Wyoming are the Wind River MoLintains and to the east 
the Granite Ranges of central Wyoming. Southeastern Wyoming has 



1, Elk Hiisin oil ticlil. 

2, Oregon Dasin nil fii’ltl. 
S, Wniiaiiil nil tiL'Id. 

4, Srnilli Fork nil ndil. 

5, Nicber oil field. 

6, Sand Creek nil field. 


7, Cirrle Riil^je nil field. 

H, Sleaiiibnal lliiiie nil field. 
!). Lnsl Snidiei nil field. 

10, Cliiinh lliiiles gas field. 

11, .Sail Creek oil field. 

12, Osage nil field. 


four uplifts with northerly trends. These are, from west to east, the 
Sierra Madre, the Medicine Bow, the Laramie, and the Hartville. 
The Hartville is a structural ridge trending northeasterly which tics 
the Black Hills to the Front Ranges of the Rockies. 

The two greatest basins in area arc the Powder River basin, occupy¬ 
ing most of the northeast quarter of the state, and the Green River 
basin in the opposite corner. The Powder River basin is outlined by 
the Black Hills and Hartville uplift on the east, by the northwest end 
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of the Laramie Mountains on the south, anil by the Rig Horn Moun¬ 
tains on the west. Llie Green River basin lies east of the overthrust 
zone, west of tile Sierra Madre, and south of the Wind River-Sweet- 
water uplifts. It is divided into the Bridger basin on the west and the 
Washakie and Red Desert basins on the east by the Rock Springs 
uplift. 

Next in size is the Big Horn basin, which is enclosed on three sides 
by the Yellowstone IMateau, the Owl Creek-Bridger Mountain chain, 
and the Big Horn Mountains. The Wind River basin lies in central 
Wyoming, with the Owl Creek-Bridger Mountains on the north and 
the Wind River-Swectwater uplift on the south. The Laramie basin 
lies between the Medicine Bow and the Laramie Mountains. East 
and southeast of the Laramie Mountains and the Hartville uplift is 
the northern end of the Denver, or Julesberg, basin. 

All the earlier discoveries in the Wyoming basins were near the 
peripheries, w^here the pre-Tertiary sedimentary rocks are beautifully 
exposed and the anticlines so striking that in many places they can be 
easily recognized by laymen. .Steep dips and large closures are the 
rule rather than the exception throughout the Rocky Mountain prov¬ 
ince. It was at first a.ssumed that out low^ard the centers of the basins, 
beneath the thick cover of Tertiary coiuinental deposits, the folds 
died out and no oil accumulatious would be found. However, the 
application of geojiliysical instruments to Rocky Mountain explora¬ 
tion, plus the vastly increased depths reached by exploratory wells, has 
shown this assumption to be fallacious, and oil and gas fields have 
been found toward the basin centers. According to 'Lhomas, in a 
jKiper published in November, 1948: “It has been in the past tw’o 
years only that oil and gas fields have been found in the central parts 
of the basins. Lhe Church Buttes field lies in the exact center of the 
Green River basin. Four fields have been found w'ell out tow'ard the 
axial part of the Big Horn basin; Worland, South Fork, Nieber, and 
Sand Creek.” - Furthermore, the Paleozoic formations, wdiich carry 
only heavy black oil in the pcriphei^ fields as a general rule, have 
been found to contain high-gravity crude oil in the deep basin accumu¬ 
lations. 

The prixlucing formations of Wyoming range in age from Tertiary 
to Cambrian. The lY-rtiary formation is the continental Wasatch of 
Eocene age w’hich carries oil in the Green River basin in VV'yoming 
and Colorado. Fhe most important period from a standpoint of pro- 

Horace D. Thomas, op. cif.. p. 13R. 
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lific reservoir sands is the Cretaceous, niainlv the Upper Cretaceous.*^* 
The greater part ol the \\\oniing oil produced to date has come from 
the Frontier sands of the Upper Cretaceous. Other important Cre¬ 
taceous reservoirs are the Muddy and Dakota sands. The Sundance 
sandstone of Jurassic age is an importanl reservoir in some fields. 
Upper Paleozoic reservoirs include the Phosphoria lime (Permian), 
the Tensleep and Amsden of the Pennsylvanian, and the Mississippiaii 
Madison limestone. The completion of a 700-harrel well in the Dead- 
wood sandstone of Cambrian age, in fune, IH^IH, in the Lost Soldier 
field extended the potential reservoir section for the Rocky Moun¬ 
tain area to the very bottom of the sedimentary section. 

The Salt Creek field has produced over one-third of a billion barrels 
of oil and has no competition as the jnimijial field of Wyoming in 
cumulative production. For the year 1!)J*1 Salt Check was second only 
to Elk basin in annual yield. 

Almost all the oil and gas so far jiroduced in VV^yoming have come 
from anticlinal at cumulations.-*'' Some of these anticlines are faulted, 
but in most of them it is the fold and not the fault that has been 
responsible for trapping the oil. In the list of ajjproxiniately a 
hundred Wyoming oil fields compiled by Dobbin,-^' eighty-eight are 
listed as anticlinal or domal acriiinulaLitJiis. and twelve are classified as 
being due to samI lensiiig and other types of "stiatigiaphic” trapping. 
However, none of these iwehe fields are large, and their total contribu¬ 
tion to the cuiiuilalive ]jroductir)ii of Wyoming lias been insignificant. 
Most of them occur either in northeastern Wyoming on the west 
flank of the Hlack Hills or near the southwestern corner of the state. 

The Elk Easin field, large in area, in closure, and in current produc¬ 
tion, was illustrated and described as an example of anticlinal accumu¬ 
lation in Chiaptcr 8 (Fig. 12). The older Salt Creek field has been 
described by Beck-'*"' aiul others. I'his field is in the southwestern 

|. Daviil l.Dve, “Oil anil Oas Piissiliililics in l*nsl-l‘roiiiicr C'.i'ciacfniis Rocks 
of Wyoming,” Am. A.ssor. PelrnJ. Geol.. Pi opt rim Ainiual Meetinp (ISriO), p. 23. 

2-11; E. W. Krampert, ‘‘Coiiimcrrial Oil in Caniliriaii IUmIs, Lost Soltlicr Field, 
Carbon and Sweetwater Counties, Wyoming," Pull. Am. A.ssor. Petrol. Geol., Vol. 33 
(December, 1919), pp. 199H-2010. 

243 H. D. Thomas, “Geology and Petroleum Resources of Wyoming,” Petrol. Eng., 
Vol. 20 (November, 19^K), p. 13fj. 

244 G. E. Dobbin, ‘‘StriiLliJial Conditions of Oil and Gas Acaimulan'on in Rocky 
Mounlain Region, L'liiled States,” Bull. Am. Assoc. Petrol. Geol., Vol. 27 (April, 
1943), pp. 440-446. 

246 Elfred Beck, "Salt Creek Oil Field, Natrona County, Wyoming," Structure of 
Typical American Oil Fields (Am. As-soc. Petrol. Geol., 1929), Vol. 2, pp. 589-603. 
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part of the Powder River basin. The Salt Creek structure is an ellip¬ 
tical anticline with a much steeper dip on the west side, toward the 
Big Horn Mountains. It has approximately 1600 feet of closure, bul 
the structural relief into the basin to the cast is much greater. Beck 
has estimated that the potential drainage area extends northeastward 
Irom Salt Creek tor a distance ol 40 niiles.-^“ By far the greatest pro¬ 
duction at Salt Creek has come from the Second Wall Creek sandstone 
of Frontier (Cretaceous) age. Other reservoirs of importance, all sand¬ 
stones, are the First Wall Creek of the Frontier, the deeper Cretaceous 
l.akota, the I’liird Sundance of the Jurassic, and the Pennsylvanian 
Fenslcej).-*^ 

File Steamboat Butte oil field is a large, relatively new held 
discovered in 1043 in the Wind River basin. The trap is an elongate 
anticline with a north-south trend and a fault on the west Hank, limit¬ 
ing production in that direction. 'I’he estimated closure is 3.50 to 400 
feet. I'lie first reservoir ifiscovered is the Nugget sandstone of Jurassic 

age, but the oil reserve in the deeper Tensleep, which was discovered 
about a year later, is much greater. The inaxiiniim thickness of oil- 
saturated I'enslecp sand is 300 feet. 

The Oregon Basin field lies on the west side of the Big Horn 
basin, not far west of the basin axis, which is considerably west of the 
geograjdiir axis. Accumulation here is also anticlinal. The Oregon 
basin structure has a closure of about 1600 feet; the anticlinal axis sags 
ill the center, dividing the fold into two domes with intervening 
saddle. Black heavy oil is produced in (juantity from the Permian 
I’hosphoria limestone, the Peiinsylvaiiian U’ciisleep sandstone, and 
the Mississipjnan Madison limestone. 

The Osage field is an example of trapping due to varying per¬ 
meability. rhe leservoir rock is the Newcastle sandstone member 
of the Graneros (Cretaceous) shale, Avhich occurs here as a lens of 
irregular shape, completely surrounded by shale, lying upon the Hank 
of a monocline (Fig. 152). Fhe oil has been trapped in this porous 

^■*0 Elfrcd Beck, np. rrf., pp. 591-591. 

R. W. Mallory, "I’he Salt Creek Oil I'iclrl," M'yo. Geol. Assoc. Guide Book 
Fourth Auitttnl Field Cortferenre (19-19), pp. H9-91. 

II. K. Barton, “SleamhoaL Biuic Oil Field, Fiemoiil taninly. Wyoming, ” 
Structure of Typical American Oil Fields (.Am. .Assoc. Petrol. Geol., 194B), Vol. 3, 

pp. 180-513. 

241) Paul F. Walton, “Oregon Basin Oil and Gas Field, Park County, Wyoming,’’ 
Bull. Artt. Assoc. Petrol. Geol., Vol 31 (.August, 1917), pp 1131-1153. 

2Bn C. E. Dobbin and J. C. Miller, "Osage Oil Field, Weston County, Wyoming," 
Stratigraphic T\pe Oil Fields (.Am. .Assoc. Petrol. Geol, 1941), pp. 847-857. 
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and permeable rock. Other exceptional acrLiniiilaiions in Wyomin^^ 
and other Rocky Mountain states have been ilescribed elsewhere.-'" 
The Wyoming Ccologiral Association has pidilisheil descriptions 
of several Wyoming oil fields.-®- These are all anticlinal accumula¬ 



tions, although in one field, the Circle Ridge,the producing dome 
lies in an overthrust block. 


Montana 

(Fi gurcs 1.53-155) 

The state of Montana contributed during 1949 about 0.5 per cent 
of the domestic prodiution. This was approximately etjual to the 

C E. DDlibin, “Excejjlioiial Oil Fields in ihc Rocky Mminrain Re|,Mriii nf the 
IJnileri States,” Bull. Am. Assoc. Pelrol. (irol., Vrd. .^1 fM.iy. lfM7). pp. 797-H23. 

2b2 Wyoming OeolDgical Associaliim, Ciiirie Bnuh Third Annual Ticld Conference, 
Wifid River Basin, M'yoming, /Ing. II-H. Onir/e Booh Fourth Annual Field 

Conference, Powder River Basin, IFyo/ning, 9-J^, 

253 W. G. Olson, If’yoming Oeo/. Assoc, (iuide Booh Third Annual Field Con¬ 
ference (194H), pp. 178-185. 

254 c. E. Doldlin and C. E. Erdmann, “GcDlDgic Occurrence of Oil and Gas in 
Montana,'' Problems of Petroleum Geolofry (Am. Assoc. Peliol. Ccol., 1931), pp. 
695-718; Eugene S. Perry, "Natural Gas in Montana," Mont. Bur. Mities and Geol., 
Mem. 3 (1937). 
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Fig. l.'iS. Mnnt:ifGi. >rnjni' tectonic features and oil and <ras fields. 
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Indiana output. In terms of world prodiirtion, the Montana share 
for the year was 0.29 per cent, which was aboiu the same as the annual 
yield of Canada before the discovery of the Leduc and other reef 
accumulations beneath the plains of Alberta. 

The first hydrocarbon discovery in Moniana was the Glendive gas 
field in Dawson County on the eastern edge of the slate in 1913. Two 
years later the first oil was struck on the Montana side of the Elk 
Basin oil field, w’hich lies mainly in Wyoming. The first exclusively 



Montana oil discovery was at Cal Creek in 1920, and other major 
discoveries were the Kevin-Siinbursl field in 1922 and the Cut Bank 
field in 1929. 1/ate in 1917 new discoveries in Musselshell County in 
central Montana stimulated interest in the state. By the end of 191B 
Montana was being explored more actively than at any other time in 
its history. This paid dividends during 1919 when one gas-condensate 
and three oil pools were discovered. 1 he finding of the prolific reef 
accumulations to the north in Alberta has also stimulated the search 
for oil in Montana. 

The eastern two-thirds of Montana, that part east of the Rocky 
Mountain front, is floored mainly with sedimentary rock and is pros¬ 
pective oil- and gas-producing territory. The eastern border zone of 
the Rockies in northern Montana is marked by a series of overthrust 
faults which has carried pre-Cambrian sediments over Cretaceous in 
some places, notably at Glacier Park. East of the overthriist zone is 
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the “disturbed belt,” B to 10 miles wide, in which the upturned sedi¬ 
ments parallel to the Rocky Mountain front are stronf»ly folded and 
faulted. In approximately the central third of the state the tectonic 
pattern is a hybrid between that of the Rocky Mountains proper and 
that of the plains area to the eastward. In northwestern Montana, 
cast of the disturbed belt and extending from Alberta to west central 
Montana, near Great Falls, is the Sweetgrass arch. North central 



nil lii'lil: fi, CliL Cri'L'k nil liulil: (i. Dry Ci'L'uk oil riL'lil; 7, Klk Uasiii oil fiL’lil; K, Ccilai 
Creek ((•leiidive) ”as lielil. 

Montana is floored with Cretaceous sediments interrupted by lacco- 
lithic mouniains and local thrust faults, l o the south in central 
Montana are the Little Belt-Big Snow'y aiiticlinoriuni, an east-west 
uplift containing the laccolithic Judith Mountains, and the anticlinal 
Big Snowy Mountains. An eastward extension to the antic linorium is 
the Porcupine dome. South central Montana contains the northwest¬ 
erly extension of the Big Horn Mountains and the northernmost ti]) 
of the Big Horn basin. 

The eastern third of Montana is part of the High Plains physio- 
gra})bic province. Crossing the eastern border of the state immedi¬ 
ately north of the North Dakota-South Dakota boundary line is the 
Cedar Creek (Baker-Glendive) anticline, which is a very elongate 
structural ridge with a northwest-southeast trend. It separates the 
Williston basin of northeastern Wyoming and northwestern South 
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Dakota from the northern end of the Powder River basin of north¬ 
eastern Wyoinin[j. The very southeastern lorner of Montana contains 
the northern flank of the Black Hills uplift. 

The reservoir rocks range in age from Upper Cretaceous to early 
Mississippian. The leached upper surface of the Madison limestone 
of Mississippian age is especially important as an oil reservoir in 
Montana. 

The leading field in both cumulative production and in output lor 
1949 is the Cut Bank. The older Kevin-Sunbiirsi field is second in 
cumulative and third in recent annual production. The Elk Basin 
field was the second Montana field in 1919, although it produced over 
2)/, times as much oil on the Wyoming side of the line. 

Of the twenty-seven Montana fields listed by Dobbin in 194.4, 
twenty produced from faulted and non-faulted domes or aiuiilines. 
However, among the seven fields in whiih accumulation has been due 
to varying permeability is the Cut Bank field, the largest oil accumu¬ 
lation so far discovered in the state. 

The Cut Bank field is one of several lying near to or upon the 
Sweetgrass arch.-"’ It is 41 miles long and up to 10 miles wide. It 
lies 20 miles down the west flank of the Kevin-Sunburst df)mc, a node 
on the Sweetgrass arch. Ihv main oil and gas rcservr)ir rock is the Cut 
Bank sand at the base of the Kootenai formation (la)wer C]retaceous). 
The trap is formed by the up-dip pinching out of this sandstone. 
Oil and gas are also fouiul in two discrmtiniious lenses in the overlying 
Sunburst sand zone (middle part of Kootenai), as well as in the 
Madison limestone. Cut Bank is the largest stratigraphit-type accumu¬ 
lation so far discovered in the Rocky Mountain province. 

T he older Kevin-.Sunburst field, which lies to the east of Cut 
Bank, is irregularly distributed on the northwest flank f)f the Kevin- 
Sunburst dome. The principal reservoir is the leached top of the 
Madison (Mississippian) limestone, and the irregular distribution of 
the hydrocarbons is due to the erratic porosity of this reservoir. Some 
production is also obtained from the Kootenai sand which likewise 
has variable thickness and permeability. 

C. E. nobUiii, "Siiuciural Ciiiidilioiis of Oil and Gas Accumillation in Rocky 
Mountain Region, Uniletl .Stales,” Jinil. .^ni. .I.ssnr. Pftrul. Gral., Vol. 27 (April, 
1913), pp. 438-139. 

Jolin E. Illixl, ''Ciil Bank Oil ami C.as l iclil, (Uacicr County, MonLuna,” 
Stratigraphic Type Oil Fields (Am. A.sjsdc. Petrol. Gcol., 1911), pp. 327-381. 

257 c. E. Dobbin, “Exceptional Oil Field.s in Rocky Moiiiilaiii Region of Unitcil 
Slates,” Bull. .hn. Assoc. Petrol. Geol., \'ol. 31 (May, 1917), p. 799. 

258 \v. E. Howell, “Kevin-Sunbiirsl Eiehl, 1 oole County, Montana,” Structure of 
Typical American Oil fields (Am. Assoc. Petrol. Geol., 1929), Vol. 2, pp. 254-268. 
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Another nearby field on the Sweetgrass arch is the Border-Red 
Coulee.-’ -' The fact that this field straddles the international boundary 
led to an unusual development history, including the non-drilling of 
a strip 525 feet wide along the boundary line. Oil has accumulated in 
Kootenai sands, which lens out up-dijj on the north flank of the Kevin- 
Sunburst dome. The third most important field in the arch is the 
Tondera, which lies on a structural terrace, or nose, west of Conrad. 

Elsewhere in the state, as at Dry Creek, which is perhaps the north- 
ernmr)st of the Big Horn basin structures, and at Cat Creek in 
central Montana, the trapping is anticlinal, although complicated by 
numerous faults striking across the folds. At Dry Creek one fault is 
reported to have a displacement of 1000 feet, and several others offset 
the strati! 500 feet or iiiorc.-'*^ The Cedar Creek field,-'’^ also referred 
to as the Baker-Glendive field, produces mainly gas from an asym¬ 
metric anticline more than 100 miles long. I'he gas is confined to 
nodes along the axis of this extremely elongate fold. 

Utah 

(Figure 150) 

'i'he total production of oil and gas in Utah to date has been insig¬ 
nificant. Some recent discoveries, how^ever, lead to the belief that this 
state may one day begin to prjiduce its share of the Rocky Mountain 
annual outjjiit. Most of the eastern half of Utah is underlain by a 
thick series of sedimentary rocks, and it is here that the chances of 
finding new oil deposits appear best. Some interest is being shown 
also at the ])resent time in the Basin and Range province of western 
Ulah, in the hope that beneath the floors of Pleistocene and Recent 
sediment the basins contain an adequate, and oil-bearing, stratigraphic 
section. 'The search is complicated by the presence of abundant igne¬ 
ous rocks and involved faulting. 

zsn Chin Irs K. Ki tlmniin anti John R. Siinvabrow, "Border-Red Coulee Oil Field, 
rook* CouiUy. MoiUaii:i, :iiid Alberia. Ciiiuida," Stratigraphic Type Oil Fields (Am. 
Assoi. reli oL (kol., 1911), pp. 207-3UU 

ziii'c:. K. Dnlihin, "Fxeeplional Oil Fields in Rocky Moiinlaiii Rcfrioii of United 
SUUcs." Bull. .hn. .-J.vior. Tcirul. Cea/., \'iil. 31 (May, 1947), pp. 806-B07. 

ziu c. E. Dohhin, “Siriicliiral Coiuliliiins of Oil and Ga.s .\ccuiiiii1aiion in Rocky 
Moiiiuaiii Region, I'liiled Slates," Bif/l. .-Jm. Assoc. Petrol. Geol., Vol. 27 (April, 
1913). p. 139. 

c. E. Duhbiii, op. cii.. Vol. 31 (May. 1947), pp. 821-823. 

zi'^Kieorge H. Hansen and Mendell M. Bell, "Oil and Gas Possibilities of Utah," 
I’/fi/i Geol. Min. Snn'ry. 1930 (reviewed by the Oil Reporter, March 11, 1950). 
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The major structural and sedimentary basin is the Uinta, which lies 
south of the Uinta Mountains in cast central Utah. The large Rangely 
field of Colorado is near the easternmost end of the Uinta basin. The 
San Juan basin of luirthwestcrn New Mexico and southeastern 
Colorado also overlaps a short distance into southeastern Utah. 

Utah has been producing gas intermittently since 1880 and oil 
since 1907. 'I'lic gas was discovered in the Salt Lake basin near Salt 
Lake City. The reservoir rock, and probably the source rock also, is 
the fresh water Pleistocene sediment with which this basin is floored. 
The oil discovery in 1907 was in a small interinontane basin near the 
southwestern corner of the state on the Virgin River in Washington 
County. I he first oil w^ell in the Utah part of the San Juan basin was 
drilled in 1908. 'Phe Cisco gas field, which was exploited for the manu¬ 
facture of carbon black, was discovered in 1924. In 1931 gas was 
rediscovered in the Great Salt Lake basin, this time 35 to 40 miles 
north of the earlier discovery. 

Until rec:ently the only oil production came from the two small fields 
in the southwestern and southeastern corners of the state. By 1943 
the oil output had dwindled to almost nothing. In 1948 the first sub- 
stanlial oil production was obtained by drilling deeper in the Ashley 
Valley field in Uinta Caiunty and testing the Weber saiulstone of Penn¬ 
sylvanian age.-”"' During the same year further testing of the Boundary 
Butte field of San Juan County in southeastern Utah led to the dis¬ 
covery of oil in the (ajionino (Permian) sand at a depth of about 1500 
feet and the discovery of gas wdth an estimated yield of 28 million cubic 
feet daily from the underlying Pennsylvanian 14ermosa formation. 
Based on a seismograph survey, the discovery well for a new' field in 
the Uinta basin was completed in inid-1919. This new’ field, which has 
been named the Roosevelt, lies approximately 110 miles east of Salt 
l.ake City. The reservoir rock is a fractured doloniitic Eocene shale 
lying at a depth of nearly 9400 feet. Although the oil is of excellent 
quality, w'ith a gravity of 32.6°, it contains so much paraffin that it 
solidifies at 90° F. Its temperature as it emerges from the well is 

94D L-nii 

2n4 R. I). Kiikhiiiii, "Nuliiial Gas in Wasliin^lon, Iilahn. Eastern Oregon, 

anil Nnnhmi riali," Geo/ogv of Xaturaf Gas (.\ni. Assoc. tienl.. 1935), 

lip. 240-2 1.1. 

r. 1.. Dorn. ‘'l)cvcliipmciii.s in Rocky Mountain Region in 194H,” Bull. Am. 
Assur. Frirol. Gfo/., \’o1. 33 (June, 1949), p. 835. 

-«>* .\non., “Garter Eiiiils L'nusiial Oil in I’tah,'' T/ie IJiik. Vol. 14 (Julv, 1949). 

p. 10. 
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The traps of the gas fields so far discovered in Utah are anti¬ 
clines. Some are domes and others are very elongate. They may or 
may noi be laulted. Closures range up to 800 feet. The Wootlside 
gas contains 1.31 per cent helium, and the Faniham gas runs 08..3 
per cent carbon dioxide. 

The two oldest oil fields, tJic Virgin and the San [nan, produce from 
varying-pcrmeability traps f)n the flanks of monoclines. 

Reservoir rocks so far explored in Utah range in age from Upper 
Cretaceous to Mississippian. 


California 

(Figures 1.57-1.50) 

California is seioiui only to I'cxas in its annual production of 
petroleum. During HH9 the California share of the domestic oiitj)iit 
was 18.1) per cent, which was 9.8 per cent of the world's production. 
C^alifornia produced more oil during 1919 than any foreign country 
except Vciie/uela. 

Oil and gas see])s are ahundaiU in parts of Caliibrnia, and the early 
searc h lor buried hydroeai hon de])osits was guided by the pri*seiu;e of 
these natural outcrojjs. That famcms animal trap. Rancho La lirea, 
is bill one of many tarry surface accumiilatioiis which are found from 
southern California as far north as Humholdt County, in the (aiast 
Ranges some 200 miles north of San Francisco. A very active search 
for oil carried on by many individuals and eompanic's Look place dur¬ 
ing the two decades 1851-187-^1. Fhe search extended from Los 
.\ngclcs County to Humholdt County, and some small jjroduction was 
obtained in V^eiitura County. In 1874 iwo suc cessful wells were drilled 
in Pico Canyon near Newhall, Los Angeles County. Cajmmercial pro¬ 
duction started in 1875, and lields in this viiiiiity have been continu¬ 
ously productive ever since. 

Between 1875 and 1905, some thirty fields were opened up in south¬ 
ern California. These were all .situated near seeps, and because of 

2B7 c. E. Doliljin, “5triicliir;il Cniiililiinis of Oil ami Oas A[:riiiiiiil:iliriii in Rocky 
MnuiUain Region, United .Slalc.s,'' Bull. rim. .7,oor. Petrol. Geol., Vul. 27 (April, 
1.R43), p. 457; Dean E. Winchcsicr, "\auiial Gas in Unlnraclo, NorlliLTii New 
MexiLo, and Utah,” Geolof^' of Xaliiral Gas (-Am. .A.ssor. Ecltol. Geol., 1935), pp. 
363-384. 

2HB Olaf P. Jenkins, et al., ‘‘CcoloKic Enrnialions and Ernnomic Develiipmeiils 
of the Oil and Gas Eields of Galilornia,” Calif. Div. Mines, Bull. 118, 1943; Graham 
Jl. Moody, “Devclopmenls in Wcsi Coa.st Area in J949,” Bull. /1m. Assoc. Petrol. 
GeoL, Vol. 34 (June, 1950), pp. 101.5-1031. 
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these seeps, they were exjjlorcil and discovered. Included among the 
lields discovered betwe^^^^ and 1905 were such production giants 
as Coalinga, McKitlrick, Sunset, Midway, Kern River, and the old 



Fin. 157. r.iilifiMIlia, |JinviiitL'.s and nil di.slricts. 


Santa Maria field. At the same time, the value ol geology to oil quest¬ 
ing was recogni/.ed, and company geological stalls were initiated. 

Another great spurt in discovery took place between 1920 and 1924 
when the Los Angeles basin fields oi Huntington Beach, Santa Fe 
Springs, Long Reach, Torrance, Dominguez, and Inglewood were 
found. 




















Fic. 15H. California. Oil anil gas ficlils. 





92 


Oil and Gas Fields—United States 



See legend on page 493. 
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Although still not important oil-proihu ing iiiriioiy, northern Cali¬ 
fornia has prodiired gas h)r many years. Gas ^vas first strurk in water 
wells in Stockton in 1854, and beginning in 1881) this gas was marketed 
until the field was exhausted, lletweeii 18!)I and ID^IS, northern 
Calilornia was the scene of scatiered small gas discoveries. In 
the first high-pressure gas discovery Avas made al Marysville lUittes in 
Sutler County. New gas finds have (ontinued ever since, the largesi 
one being the discovery of Rio Vista, California's greatest g^s field, 
in 1937. 

The outstanding event in recent years ivas the discovery of oil in 
the Cuyania Valley on both sitles of the Santa Rarbara-San Luis Obisj^o 
County line. This iieAV ilisLiict lies about midway benveen the nearest 
fields in the San Joaijuin Valley and those of the Santa Maria district. 
The first field, the Russell Ranch, was discosered in June, 1918. The 
South Cuyama field, 1 miles to the southeast, was found in May, 1919. 
and a third field 3 miles northwest of Russell Ranch was discovered 
in April, 1950. 

California pioneered in the development of olfshore fields many 
years ago, and the search for such deposits is continuing. In 194H 
two new offshore oil fields, one in Orange County and the other in 
Santa Rarbara County, were discovereil. 

Four of the seven main geologic jjrovinies of C^alifornia consist of 
either crystalline rocks or ancient sedimentary roiks, or both, and so 


.4^ J-lunilH)l[ll Clniiiiiy. 

l.os Alludes Ciuinly. 
r. \'iMiuir:i (lijiiiiiy. 

I). Sillier (Inunly. 

/.. S'.iiiui Hitiljiiia C'.Diinty. 
f, San l.iiis Ohisjjii 
rrniniy. 

(i, Oraiiji'c Cniinly. 

H, San jr)ar|uiii Ctiiinly. 

I, Solann CDunly. 

J, Butte County. 

1, Aliso Canyon oil 
ficlil. 

2, Buena ^'i.sla oil fidtl. 

3, CaiiifjljL-ll nil ficlrl. 

4, Cliiro ficlil. 

5, CiLTvn nil tiflil. 

6, Coalinga oil fii*lil. 

7, Corning gas fidil. 


I'lu. 15!). Calironiia iiiili'x iiiap. 

H, Cyiiirii: nil liL:lil. 

D, Del Valle oil lielil. 

ID, Dniiiiiigiie/ nil tielil. 

11, Kilison oil fielrl. 

12, i:ik Hills nil titirl. 

13, Hiiiilinglon Bi'IilIi nil 
field. 

I I, Iiigluwnnd nil fii'lil. 

J.j, Kern rnnil oil lielil. 

Hi, Kern River oil field. 

17, Kcltlcnian Hill.s oil 
field. 

IS, I.akcview oil field. 

Ill, Long Bcaeli oil field. 

20, l.osi Hilfs nil lielil. 

21, McKilirirk nil field. 

22, Miduay-Suiisel nil 
field. 

23, Olinda oil field. 

24, OrcuU oil field. 


2.''i. I’aliJiiia oil field. 

2fi, I’ito Canuiii oil field. 

27, IMaieriia oil field. 

2K. Rai.sin Ciiy oil lielil. 

2!l, Raiiioiia oil field. 

30, Rio N'isla ga.s field. 

31, Rus.sell Ranih oil 
field. 

32, .Sail Creek oil field. 

33, Saul a fe Spring.s oil 
fielrl. 

31, Santa Maria Valley 
oil field. 

.3.5, Tnrranre oil field. 

3fi, Venliira Avenue oil 
field. 

.37, We.sl Cal Canyon oil 
field. 

3H, Wilminglon oil field. 
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they are not likely to be oil-bearin^^. These are the Klamath Moun¬ 
tains of northern California, the Modoc lava plateau of northeastern 
California, the Sierra Nevada, which forms the backbone of most of 
easUTM California, and the Peninsular Range, which extends into 
soiiLhern California from Lower California. One of the remaining 
tliree, the Basin and Range province of western Utah, Nevada, and 
soLiiheastern CJalifoniia, contains no oil or methane gas fields as yet, 
hut it is an object of oil coinjjany interest at the present time. 

All the (California oil and gas fields so far discovered lie in either 
ilie (heat Valley or the Coast Range province. 'The Great Valley 
is a topographic and tectonic trough lying between the Sierra Nevada 
and the (Coast Ranges. It has been an area of sedimentation and 
dowiiwarp throiighoLit later geologic time. It drains into San Francisco 
Bay by means of the soiithward-llowing Sacramento River and the 
northward-flowing San Joaquin River. At the present time all the 
Great Valley oil fields arc in the upper part of the San Joaquin Valley. 

The Coast Range [province includes both the Coast Ranges projier 
and the 'I'ransvcrse Ranges. The Coast Ranges are not continuous 
but are oHsei one from the other, and the intervening rc-entrants 
have, like the Great Valley, been areas of downwarp and sedimentation 
through a considerable span of Tertiary and Quaternary history, 
riuee of these the Los Angeles basin, the Ventura basin, 

and the Santa Maria basin, contain many oil fields, and a fourth, 
the Salinas Valley, has recently become productive.-''" 

The Great Valley and the Coast Range re-entrants were washed by 
shallow seas during much of the Tertiary and, in places, into the 
(Quaternary. From the organic characteristics of much of the sediment 
deposited in these seas and from the enormous quantities of oil stored 
within thesi’ sediments, one is justified in concluding that the Tertiary 
anil early (Quaternary seas w'ere teeming with aquatic life. At the 
same lime, clastic sediment, including potential reservoir sands, was 
being \vashcd in from nearby mountain areas. For these reasons, 
the sedimentary sections in the California oil districts contain many 
reservoir beds, and there is abundant oil wuthin the reservoirs. 

The reservoir rocks of California range in age from Pleistocene to 
pre-Cretaceous. The Keru River formation, which is productive in 
San Joaquin Valley, extends from tlic Upper Pliocene into the 
Pleistocene. Other Pliocene reservoirs of note arc the Pico, Repetto, 
and Etchegoin. I'he Pliocene and the Miocene have so far produced 

-'>i> j. t'.. Rilkciinv, "Cii-olDfjy amt Kxpluratioii Tdi- Oil in Salinas V'allcy, Calirornia," 
Hi/f/. .Issnr. Prfrol. Gt'n/.. Vol. 32 (DcCEiiiher, llMHk p|>. 22.5I-226H. 
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most of California’s oil. Importaiil Miocene reservoirs include the 
Monterey, remblor. and Vaqiicros. I he Olif^ocene Sespe jirodiices 
considerable oil in the Ventiira-Santa Clara district, but the Oligocene 
is not important as yet in other areas. The Eocene was a very minor 
source of California oil until the discovery of the Gatchcll zone at 
Coalin^a, from which considerable oil has been obtained. One field 
in the Valley produces an insignificant quantity of oil from an Upper 
Cretaceous reservoir. The oldest reservoir rock is pre-Cretaceous schist 
and other metamorphoseu basement rocks in which an estimated 
15,000 barrels per day is now being produced.-’® 

It has been estimated that sand or sandstone is the reservoir rock 
for 08 per cent of (California’s oil.-"^ The remaining 2 ]3er rent comes 
from fractured chert, shale, and schist, or frr'in conglomerate composed 
of schist fragments. In addition, some gas is produced from siltstone 
and sandy shale. Five per cent, or more, of the oil produced in 
California conies from reservoirs which arc non-marine in origin. 
In some places these formations grade laterally into marine facies, 
but in many it is probable that the source material, as well as the 
reservoir rock, was deposited in fresh water. 

Practically every type of hydrocarbon trap except tliose peculiar 
to carbonate rock reservoirs has been found in (California.-^- The 
anticline is the most important in terms of volume of oil (about two- 
thirds of the state total) so far produced. Second in importance is 
sealing by truncation and overlap. Faulting is common in (California, 
and it has controlled the distribution of oil across aniiclines in 
nunierous fields. In addition, there are some fields where the trap 
has been created by the faulting of a plunging atiiicline. Some traj)- 
ping has been brought about by lensing of the sandstone reservoirs, 
but most of the prt)duc:ing sandstones of California arc sheet sands, 
and wedge-out traps have been due to truncation and sealing rather 
than to original depositional lenticularity. Although California is 
the best known locality for brea sealing, the actual volume of oil 
impounded below solid hydrocarbon barriers is relatively insignificant. 
An even more freakish type of accumulation, in one of the reservoirs 

270 \V. S. £frgl[;.stiJii, “Summary of Proiliiilirin frniii Frarliircil Rurk Reservoirs 

in Calil'ornia." Bull. Am. Assor. Petrol. Gpo/., Vl>I. 32 fjuly, pjj. 1.3.52-1 

271 Harnlrl \V. Hiinls, "Origin, Migration anil AcLUiniilaiion of Oil in Califoriiia," 
“Oil anil Gas Fields of Calirornia," Calif. Div. Mines, Hull. MR fl91.3), p. 267. 

272 j. c. Haz/ard, R. R. Simnii.scMi. T. H. nuilley, H. \V. Weddle, and D. M. Davis, 
"Oil and Gas Traps in Caliloriiia,’’ Am. As.soc. Petrol. Geol., Program Annual Meet¬ 
ing (1.050), p. 17; E. H. MrCollough, “Slriicriiral InflucncL on the Aciiirnulalion ol 
Petroleum in California." Problems of Petroleum Gco/ogy fAni. .Assoc. I’eirol. Gcol., 
1934). pp. 735-760. 
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at East CoalingR, has been described by Hoots as follows: "Ihi: 
Temblor rescrvf)ir sand crojjs out up the plunge of the lold. 'J'lie 
oil, however, extends to, and seeps from, the outcrop and commercial 
production has l)een oinained from shallow wells nearby. According 
to Max Ilirkhauser (personal communication), who has devoted con¬ 
siderable study to the geology of this area, it is probable that accumu¬ 
lation occurred when the outcrop of the 'Temblor’ sand was over¬ 
lapped by impenneable lower Pliocene strata, and that subsequent 
late Quaternary elevation and erosion of the Coalinga anticline has 
slrijjped away the Pliocene seal. Apparently the reservoir fluid pres¬ 
sure since that time has not been high enough to flush all of the oil 
from the sand.” 

The oil fields of California can be divided readily into two major 
districts, the Great Valley and the Coast Range. The C^oast Range 
district can be subdivided into the Los Angeles basin, Ventura basin, 
and Santa Maria basin. 

In cumulative proiluction through 1919, the Los Angeles basin 
was a few thousand barrels ahead of the San Joaquin Valley district. 
7he Ventura and the Santa Maria districts rank third and fourth 
resj)eciively. In annual production for 1919, the San Joaquin Valley 
stood ahead of the Los Angeles basin but with no change of rank 
for the other two districts. The leading California field in total 
production is Midway-Sunset, with Long Reach second. Reforc East 
'Eexas, the Midway-Sunset field had the largest cumulative production 
of any field in the United States. Third and fourth in ruinulative 
inoduction in (".alifornia are the Coalinga pools and Santa Fc Springs. 
During HL19 the Wilmington field in the Los Angeles basin produced 
the most oil, followed by the grouj) of pools producing from the 
Coalinga anticline. Ventura Avenue and Huntington Reach were 
practically tied for third ])lacc. 

Los Angeles Basin District. Although the Los Angeles City field 
was discovered in 1H92. it was not until the early 1920’s that this 
district assuined world importance as a source of oil. Three of the 
four leading lields. Long Reach, Santa Fe Springs, and Huntington 
Reach, vrere discovered during that time. M’he fourth and currently 
the largest field in C'.alifornia, Wilmington, vras discovered in 1932. 

According to Driver,-'^ the l.os Angeles basin rovers about 1200 
square miles. It is bounded on the north by the San Gabriel Moun- 

-■■■' Ha mill \V. Hotus. off. n/., p. 2G9. 

HitslIicI 1... Driver, 'T.ciifsi.s anil Kvoliilioii of I.os Aiij^clcs nasiii, Calironiia,” 
HuH. .4ni. A.ssnv. PfhoJ. ('wrot.. \'ol. 32 (Janiiaiy, inlH), pp. 100-125. 
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tains; beyond the mountains is the Ventura Valley district. Topo¬ 
graphically, the Los Angeles basin is a plains area containing, however, 
various hills and knolls that reflect underlying anticlinal structures. 
Many of these hills, such as Signal Hill (Long fleach), are now covered 
with oil fields. Most of the oil has accnnnilaled within sandstones 
of Lower Pliocene and Upper Miocene age. J here has been some 
atcuinulalion in weathered or fractured inetaniorjihic rocks belonging 
to the basement complex. 

The Long Beach field was Illustrated and discussed in Chapter 8 
(Fig. .^3) as an example of an elringaic anticline. Fhe Santa Fe Springs 
field was also treated in C^hapter 8 (Fig. i J) as an example of arcuinu- 
lation in a structural dome. "Fhe Wilmington oil neld, with a |jro- 
duction in UldJ) of nearly 41 million barrels of oil, making it second 
only to Last Texas among the fields of thi‘ United Stales in output 
for the year, has not been described heretob)rc in this book. It is 
1^0 miles south of Los Angeles, on the coast midway between San 
Pedro and the city of Long Beach. Unlike the nearby Long Beach 
ami Torrance anticlines, the Wilmington anticline is not obvious at 
the surface. The topography is only very slightly elevatial, and 
the bed-rock struc:ture is obscured by a thick deposit of Quaternary 
alluvium. The first explorations were carried out in this area in an 
attempt to extend the 1 orrance field to the southeast. Subsurface 
studies based on the information obtained during the drilling of tlu’se 
earlier wells, plus a seismograph survey, resulted in the discovery 
of the Wilmington field in January, 11132. The Wilmington anticline 
is a large and irregular dome with the strata dipjnng off the axis at 
angles ranging from 2" to 15°. The structure is cut by major faults. 
Most of the folding and the faulting took |)lace before the depcjsition 
of the Upper Pliocene sediments. The trapping is entirely anticlinal, 
but in some of the faulted areas produc tion is confined to the upblock. 
The oil comes from eight jjroducing /ones in the Lower Pliocene 
Repetto formation, in the underlying Upper Miocene Puente forma¬ 
tion, and in the basement schist. 

Although not so large, most of the othi^r Los Angeles basin accumu¬ 
lations are similar to Wilmington, Long Beach, and Santa Fe Springs. 
Trapping is largely anticlinal. An exception is along the Whittier 
fault, but even there only the Olinda pool (Chapter 8) actually demon¬ 
strates fault trapping; elsewhere along the fault, accumulation has 
taken place in anticlines paralleling the fault. 

Ventura-Santa Clara Valley District. I his district occupies a long 
and narrow re-entrant with an ea.st-west trend between two transverse 
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ranges in the Coast Range system. Most of the district is in Ventura 
County, but the eastern end is in Los Angeles County, 30 to 40 miles 
north of the city of Los Angeles. The Ventura Avenue field is by 
far the largest in the district, both in cumulative production and in 
recent annual output. It is destined to produce before abandonment 
somewhere between and % billion barrels of oil. The Ventura 
Avenue field lies 2]^ niiles north of the city of Vcniura on the Cali¬ 
fornia coast. Production is obtained lrr)m a very elongate anticline 
16 miles long with trend almost exactly east. The dips to the north 
and south are relatively steep, ranging from 30° to 60°. The fold is 
cut by several thrust faults, which have permitted some transverse 
migration and which have affected accumulation in several of the 
reservoir zones. Six oil-bearing zones lie within the Pico formation 
of Upper Pliocene age. According to Thoms and Bailey,-^" the Pico 
zones yield a relatively light oil; the underlying Repetto, of Lower 
Pliocene age, produces a thick heavy oil. 

The Aliso Canyon field lies near the eastern end of the district 
about 30 miles northwest of the city of Los Angeles and 4 miles 
southeast of Pico Canyon, where oil was first struck in 1B74. The 
Aliso Canyon field was discovered in 1938. Here the district is a 
region of intense folding and thrust faulting. The reservoir rocks 
are in the statitinary block beneath the folded Santa Susaiia thrust 
block (Fig. 160). The Pliocene, Miocene, and Eocene rf)cks each 
contain one productive zone. Because of the presence of an erosional 
unconformity between the different rock series, the area of closure 
differs from one level to the next, and so the productive limits are 
different for each oil zone. 

In the same general area are the Del Valle-*" and the Ramona 
oil fields. The Del Valle field lies immediately to the southeast ol 
the Ramona field. In both fields accumulation has taken place in 

27 B F. \v. Hcrlcl, "\'riiliii:i A\ciiiil’ Oil I'icUt, VeiUuia Cduiiiv, Califurnin," Slr\ir- 
ttirr of Tyjiintl Anif’iirfm Oil Fields (Am. Assoc. Teirol. Geol., 1929'), Vol. 2. 
pp. 23-21. 

2711 C'. C. Thnins anri WilliHin C. Bailey, “VeiiUira Avenue Oil I'icld," Calif. Div. 
Mhirs. Bull. 118. p. .B92. 

277 C’liuiile E. l.ciiih, ‘'Cii-’Dlnpfv of .Aliso C.-.invnii Eichl, l.os Anneles Cuiintv, Cali- 
foriiia,” .S'Ofjrrurt? of Typical Attierirati Oil Fields (Am. As<ioc. Petrol. Geol., 1948), 
Vnl. 3. pp. 21-37. 

278 I,. A. rai ljct, ‘'Gcolo}»y of Hel Valle Oil Fielil, Los Angeles Cniinty, California," 

Bull. Ant. Petrol. Ceol., \o\. 2<i (February, 1942), pp. 188-196. 

278 l.dyal E Ncl.son, "Preliininarv Report on Ramnna Field, Los Angeles and 
Ventura Cniinlies, Calirnrnia," Bull. Am. Assoc. Petrol. Gcol., Vol. 32 (August, 1948), 
pp. 1658-1663. 
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anticlines and drag folds in an overtlirust fault blork (Fig. 161). 
CJosiiix' is tonipleted in stmic of tlic reservoirs by lensing of the sand¬ 
stones. 

The latest occurrence in the long and eventful petroleum history 
of llie upper Santa Clara Valley was the discovery of oil in quantity 
in the Placerita field 2 miles east of New^hall. This field had been 
producing a few barrels daily since 1920, but a well drilled a mile 
from the old field in 1948 flowed an estimated 70 to 100 barrels daily 
from a depth of only 717 feet and brought about a wasiefiil town-lot 
drilling campaign, llie reservoir sands lie in the upper Pliocene 
section. Accumulation has been due to a combination of plunging 
anticlinal structure, fauhs, and iip-dij) w^edging. 

Santa Maria District.-''^ The Santa Maria district nccu])ies a wedge- 
shaped re-entrant into the Coast Ranges, wotli the inoiith of the Santa 
Maria River forming the northwest corner of the triangle and the 
river itself I he northeast edge of the priMliiiing district. All the fields 
lie within .HO miles of the coast line. Of the six major fields, the old 
Orcutt field (formerly known as the .Santa Maria) is the largest in 
cunudative production, but i( wall probably be siirjja.ssed within tw'o 
or three years by the much newxT .Sania Maria Valley field. I'liis 
field leads the district in recent annual production, w'ilh West C/at 
Canyon a close second. 

The Santa Maria Valley field lies out in the valley, where the 
bed rock is obscured by 100 to 1600 feet of alluvium and siream gravels. 
That is one reason why it was not discovered until lO.HI, whereas the 
Orcutt field was opened up in 1902. Perhaps am)thcr reason for the 
delay in discovery is the fact that, unlike the other fields in the Santa 
Maria district, the Orcutt docs not overlie any ])art of a sharj) anti¬ 
clinal fold. On the contrary, it lies on the north limb of the Santa 
Maria Valley .syncline. Closure of the Miocene reservoir rocks is 
brought about by abutment against the basement rock, with overlap 
by younger formations. Along the north side of the field, the Miocene 
rocks have pinched out completely. 

In the other five major fields, accumulation has taken place in anti¬ 
clines and domes with closures of several hundred feet. Distribution 

(initlnii Ik O'.ikcslinll. "Oenlogy nt ihv Placcrila Oil l idil, l.os Angeles Ctiiiiily, 
Calil'ornia." I'dfif. Jn\n. Miius and livol.. \'ol. Ui fjaniiary, U)50). pp. 

R. r.. Cnlliiin, "Oil Antiinuhiiiiui and Striiiiiire iit ihc Santa Maria Disirici, 
Sania narliara I'niinlv, Calitniiiia." .VO iir/iifr’ of Txpinil .trueiirnn Oil Fields (Am. 
Assoc. Pcinil. Gunl., Viil. 2. pp. Irt-22. 

Charles R. Canfield, "Sania Maria Valiev Oil ^'icld," Calif. Div. .\iities, Hull. 
IlH pp. 410-142. 
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l ir.. 161. K:inirnia oil liclil, Calilornia. Siiulli-nuiih cross seclion. Courle.sy Ameri- 
raii As.wrinlUm of Petrnleum Genfofrisl.s. 
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has been affected to some extent by Faulting, but of greater import has 
been the development of fractures in which an estimated 77 per cent 
of the district’s oil so far produced was stored.^®^ Two per cent of the 
total oil has accumulated in fractures in the Knoxville basement rocks 
where these fractured sandstones lie above the level of the oil-water 
interface for the Held. With this relatively minor exception, the frac¬ 
tured reservoirs are cherts, calcareous shales, and siliceous shales. 
Since the principal fracture /ones have fairly wide distribution, accu¬ 
mulation is largely structurally cr)ntrolled. 

San Joaquin Valley District.-^' The San Joaquin Valley district 
lies at the southern end of the Great V’alley. To the east is the Sierra 
Nevada, to the west the Coast Range, and to the south the transverse 
Tehachapi Range. The north side of the district has no fixed 
boundary. Geologically and tectonically, it continues for several hun¬ 
dred miles, first down the San Joaquin Valley to its mouth and then 
up the Sacramento Valley to the headwaters of the Sacramento River. 
For many years the oil (but not gas) production to the north ended 
with the Coalinga field. However, in 1931. the Raisin City field was 
discovered farther down the valley, proving that Coalinga, at least, was 
not the northern limit of oil production. Most of the Great Valley 
is floored with Quaternary de]3f)sils washed in from the neighboring 
mountain ranges. Therefore, the bed rock is exposed, as a general 
rule, only around the periphery of the valley, and most of the earlier 
oil discoveries were coiifineil to folds visible at the surface in this belt. 
In 1939 the discovery of the Paloma field out in the valley, where 
the bed rock is mantled by the bed of ancient Buena Vista Lake, led 
to the opening up of the covered area for exploration and discovery. 
The initial well of the Paloma field was located on evidence obtained 
by the reflection sci.sniograph. It produced at the rate of 1100 barrels 
per day of 51° oil, unusually light for California, plus 10 million 
cubic feet of gas. 

The first six fields in cumulative production in the San Joaquin 
Valley are the Midway-Sunset, Coalinga, Buena Vista, Kettleman Hills, 
Kern River, and Elk Hills. The ranking for 1949 is Coalinga first, 

zs’ Lniiis J. Retail, jr., ami Alien W. Hiif^Iies, “Fraeliired Reservoirs of Sanla 
Maria Disiriia, Calirnniia." Hull. Am. Assoc. Petrol. Geol., ^’oI. 33 (January, I91U), 
pp. 32-31. 

G. M. Ciiiiningliani anil AV. D. Klcinpcll. “Impnriaiue ol IJiirniirormities lu 
Oil Prniluiliiin in ilic San jnaqiiiii A'alley. California,” Problems of Petroleum 
Gf'w/rigv (Am. .Assoc. Pcirol. Geol.. l‘)3-t), pp. 783-803. 

Rolierl \V. Clark, ‘Talonia Oil Field. Kern County, California," Bull. Am. 
.Assnr. Petrol. Geol.. A'ol. 21 (April. 1940), pp. 742-711- 
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foJJowcd by Buena Vista, Midway-Sunset, and Kettleman Hills. If 
Buena Vista is added to Midway-Sunset, with which it lonnccts, the 
total lumulative production comes to o\er 1 billion barrels, and the 
combined fields become a close second to Coalin^a in current annual 
production. 

Most of the ^reat acrumulatioiis of oil in ihe San Joatpiin V^alley 
are the result r)f aiitiilinal trapping. I'hese anticlines are elongate 
folds many miles in length and thousands of feet in i losurc. Most of 
those so far discovered occur in the peripheral belt where differential 
erosion has carved the outcropjjing folded beds into ridges and valleys 
which show hy their elliptical patterns the character of the structure. 
Because of the greater resistance to enjsion of some of ihc truncated 
layers in these anticlines, ihey tend to rrraie hilly areas. As a result, 
many fd the Valley oil wells are to he loinul in relatively rugged 
I ountry. 

One excellent example r)f anticlinal airiiinulation in the San joa- 
i|iiin X’alley is the Elk Hills field,which was discovered in 1!M1. 
The Elk Hills aniicline al the suifaie is an elongate dome with a 
closure of 150 feet. It has eroded into an isolateil ridge 17 miles long 
and 7 miles wide at tlic widest point, rising r)ul of the floor of San 
foai|uin Valley. Between the surface and the reservoir formation, the 
dij) and the closure increase greatly, and three separate noiles appear 
along the axis of the fold. /Vlihough trajjjjing is entirely anticlinal, 
the tliickness and porosity of the reservoir sands determine the volume 
of production from one well to the next. 

1 he Kettleman Hills field occupies the middle section of the 
Coalinga anticline, which extends from the C^oalinga field southeast¬ 
ward through Kettleman Hills to Lrrst Hills, l ire Kettleman Hills 
segment of the Coalinga anticline consists trf three nodes, North dome, 
Middle dome, and South dome, which arc slightly cn echelon from 
each other. The greater part of the Kettleman Hills oil has come from 
the North dome. This anticline is about 18 miles long and 5 miles 
wide. The dips at the surface range up to 43°. The total closure of 
the Kettleman Hills structure is in the neighborhood of 3000 feet. 
North dome rises about 1600 feet above the saddle between it and 
Middle dome. The anticline is cut by many faults, but trapping is 

2 SH |. R. Pemberton. “Elk Hills, Kern County, California," Structure of Typical 
American Oil Fields (Am. As.soc. Petrol. Ceol., 19211), Vnl. 2, pp. -M-fil. 

287 \v. P. 'Woodriiii;, Ralph Bentley .Stewart, and R. W. Richards, “Geology of 
the Kettleman Hills Oil Field, California, Slraligraphy, Paleontology and Slructure," 
V. S. Geol. Survey, Professional Paper 195 (1940), 170 pages. 




Tu;. 1G2. Suiiliago pool, (lalildniia. Lnwcr: slruclurc: mn|), roninurcil on top of 
Lcuiholtz sand. Figures :iie below sea level. I’ppcr: iraiisvcrse striiciiirc section. 
Courtesy Amerirnn Assoviiitiofi of Petroleum ideologists. 
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entirely anticlinal. The oil and gas come from Miocene sands ranging 
from 1500 to 2000 feet in thickness. The most important reservoir 
formation is the Temblor. 

Accumulation at the Cymric oil field in Kern County is anticlinal 
in some reser^ oirs .intl is caused by pinch-ouis in others. 'Vhis field is 
described in Chapter 8 (Fig. 37). The Salt Creek field illustiates 
accumulatinn in a jjhinging anticline, with an up clip fault supplying 
the necessary closure. 

An unusual accumulation is that of the Saniiagi' pool (Fig. Ifi2), 
where a near-vertical samlsLoiie reservoir ])inches out upward between 
two shales. Fhe oil-water inleriace lies about 1200 feet below the 
j)nint of pinch-out. but because of the steep dij), the field is only about 
500 feet wide at its widest point. 

I'he wcLlge-out of the Lakeview .sand in the Lakeview pool,-"" 
a jjari of the Midway-.Suuset field, lakes jdace at a much gentler slope 
and therefore covers a wider area (Fig. 103). Fhe development hi.s- 
tory of this pool is t|uite unu.sual. The discovery well, drilled in 
1010, blew out and jirodiued an estimated 8,250,000 barrels of oil in 
511 days of uncontrolled Jlow. Flic underlying water is under no 
great jnessure, and the wild well robbed the reservoir of the greater 
])art of its gas piessure. .\s a consequenie, the field produces under 
gravity drive. 1 he first wells to fail were those at the ajjex of the 
sand body, and jnesumably the last to be abandoned will be those 
closest to the oil-water interlace. 

Tile Kern Front lielil lies a short distance north of Hakersficld in 
the same county. The stria turc is entirely iiionocliiial, anil the oil is 
obtained from non-marine sands whiih thin out and arc fuulled iqi-dip 
to the cast. Closure to the south is due to the presence of a plunging 
anticline, but to the north a facies change from jicrmeable to im¬ 
permeable rock ajjpcais to close the re.servoir in that direction. I'lie 
reservoir sands in the Edison oil field illustrate not only fault seal 
up-dip to the east but also sealing by oiilap and overlap of reservoirs 
against the basement complex. A third type of accumulation at Edison 

J. H. IIlmlIi, ‘‘Prcliiiiiiiary Rrpnri on Sail Cicck I'itlil, Ktiii Cniiiily, Culi- 
roniia," lUiU. Am. A.^.wc. Petrol. GeoL, Vnl. 31 fScpleiiiliLT. pp. IG71-1077. 

GIlmiii \V. Lcilingliain, “.Santiago Tool. Kern fioiiniy, Calirurnia," Bull. Am. 
Assoc. Petrol. GeoL, Vol. 31 (Novcnilicr, 1917), pp. 20(i3-20(i7. 

200 \V. P. .Sims and W. G. I-'railiiig, “Laki:viuw l*ool, Miilway-Sun.scl riclil,” Arn. 
hist. Min. Met. Engineers, Technical Paper 277.9 Mn.50). 

EveruU C. Edwards, "Kern Front Oil Field, Kern Goiinty, California,'' Strati¬ 
graphic Type Oil Fields fAm. As.sor. rclrol. Gcol., 1911), pp. 9-1R. 

EvErcil C. Edwards, “Edison Oil Field and Vicinity, Kern County, California," 
idem, pp. 1-B. 
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is the trapping of oil in permeable basement rock schist and felsite. 
The discovery well in the basement rock was completed in June, 1945, 
with a produc tion of 52B barrels per day from a permeable zone BO 
feet within the schist. Since then many other wells have been drilled 
and a productive area of about 1500 acres of basement rock has been 
outlined. The successful wells penetrate as much as 1350 feet of 



163. Lakcvicw |juuI, Miilway-Siiiisrl liclil, California. Wusl -Last seel inn near 
cciilcr of pool, sliowiiifi; |jiii(:li-iiiiL of ri'SL'r\oir sands, ('.tiurlcsy /lrnrrira?i Institulv 
of Mininf^ and Mi’lullurfrinil F.nginrers. 


oil-bearing crystalline rock. Without doubt this oil, which is confined 
to the topographically highest points of the basement rock, migrated 
into the fracture reservoirs from adjacent, topographically lower, sedi¬ 
mentary layers. 

Miscellaneous Districts. The Sacramento Valley first became a 
producer of gas many years ago. In the intervening years other gas 

="3 J. H. Dciicli. "r.cnlogy of Edison Oil Field. Kem County, Calirninia," 5lrnr- 
liire of Typical Amerirnn Oil I'icld.s (.Am. Assoc. Pcliol. Cicol., 1R4R), V’ol. 3, pp. 
.'58-85: J. H. Reach and Ailhiir S. Hiicy, “(icolngy of Ba.sc’iiiL'iil Complex, Edison 
Field, Califoinia, " Am. Petrol. Cro/., Program Los .liige/rj Meeting (1947). 

p. 26; J. C. May and R. L. Hewitt, “The Nature of the Basement Complex Oil 
Reservoir, Edi.son Oil Field, California/' Bull. Am. .-Issor. Petrol. Geol., Vol. 31 
(neremher, 1917). pp. 2239-2240. 



















Washington 507 

pools have been discovered north of the San joacjuin oil district, espe¬ 
cially in San Joaquin, Solano, and Sutler counties. The northernmost 
^as field so far discovered is Corning in Tehama County. 7'he search 
for gas deposits in "northern” California continues, and three gas 
wells, each capable of producing several million cubic feet of gas 
daily, were completed during 1948. 

The Rio Vista field, discovered in 19.^7, has become California s 
largest gas field, producing more during 191H than Kettleman North 
dome and Wilmingion combined. 4'he discoxei) well was drilled 
about 2 miles west of the town of Rio Vista on the right bank of the 
Sacramento River in Solano County. It flowed ’.t an estimated rate 
of 81 million cubic feet of gas daily from a dej)lh of iiSj feet. Siibse- 
t|iicntly, the field was extended east Oi the river into Sacramento 
County. rite reservoirs are Middle Eo enc sands. Trapping has 
taken place in a broad faulted dome. 

In addition to the Santa Maria Valley, the Coast Ranges contain 
other synclinal valleys wdth known oil deposits. I'he newest discov¬ 
eries have been in the Cuyama Valley. Three fields were found there 
between June, I91H, and Ajtril, MlftO. I’he discovery field for the 
valley, the Russell Ranch, is about \\A miles long and mile wide.-”'* 
The oil, unusually light for California, lies in two sand /ones in the 
Vaqueros formation of lower Miocene age. It has been impounded 
by a normal strike fault cutting a monocline. Accumulation at South 
Cuyama is in a faulted dome. 

The next major re-entrant to the north is Salinas Valley.-”® The 
San Ardo field was discovered in this area in November, 1947, and 
six niontlis later a second pool, the (^'im|)bell, miles to the south- 
easi, was found. I’he reservoirs so far develoj)iril in the Salinas Valley 
arc Miocene sandstones. Exploration is coiiiinoing here and in other 
favorable localities to the north of the older oil districts. 

Washington 

(Figure 164) 

Washington has had two small, but commercial, gas fields. They 
arc both very shallow, and in both accumulation has taken place under 

^‘HRolliii Eikis, “GcdId^v ut Russell Ranch and Souch Cuyama Oil Fields, 
Ciiviirna X'nilcv. CalifDrnia" fAbsCracc), Bull. A tit. A.\soc. Beirut. Gcnl., Vol. 33 (De- 
Lember. 1919). pp. 205H-20ri9. 

->'5 j. F. Kilkeiiny, "Ceulogy and Exploralion for Oil in Salinas Valley, California," 
Bitlt. ,4m. Assoc. Petrol. (ieoL, Vol. 32 (December, 1948), pp. 22.54-22GH. 

Sheldon L. Clover, ‘'Preliminary Rcpori. on Petroleum and Naliiral Gaa in 
WashiiiKinn,’ Wash. Div. Gent.. Kept, of Invest i fra lions Xo. 4 (inSfi), 24 pages. 
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unusual circumstances. The larger of these fields, the Rattlesnake 
Hills,is on the Columbia River lava plateau of eastern Washing¬ 
ton. For over 20 years as many as sixteen wells produced gas from 
one or two zones of porous basalt. Intercalated between the flows are 
thin beds of lake clays which may have been the source rocks, but 
wJiich now func tion as cap rocks. The original reservoir pressure was 



only slightly over 2 pounds per square inch. The average depth to 
the reservoir rocks is between 700 and HOO feel. Trapping within the 
lava reservoirs was due to the presence of a faulted anticline, which is 
a part of the belt of anticlinal folding that created the Rattlesnake 
Range of hills. 

The other field lies 6 miles north of Bellingham in Whatcom County 
of western Washington. At one time (1034) it contained six producing 
wells. Most of the wells were completed in mantle rock reservoirs 
lying at depths between Ififi and 103 feet. Presumably the gas mi¬ 
grated from underlying Tertiary formations and became trapped in 
sand lenses in the glacial sediments. 

A. A. Hammer, ‘ Ralilcsiiakc Hills Gas l ieltl, Dmion Coiinly, Wasliiii^riuii.' 
Hull, .‘issue. Helrul. Grul., N til. IS (July. 193-1), pp. 9I7-S59. 
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Alaska 

(Figure 165) 

Although it has failed so far to produre hydroi arboiis in any sig¬ 
nificant qiiantitics, the territory of Alaska does rontain some enormous 
thicknesses of sedimentary rock and a few pro\ oi alive sec|)ages. Inter- 



Fir;. 165. Alaska. Oil seeps, Halalla field, ami Naval I’clrnlcmn Reserve. 


mittcntly since the IDOO's, oil has been produced in small quantiiies 
at Katalla on the coast to the cast of Seward. I'liis is the only com¬ 
mercial oil field in Alaska lo date. It has had as many as fourteen 
producing wells, ranging in depth from 366 feel lo 1130 feet.-*'” At 
least two large seeps have been known for many years in southwestern 
Alaska on the west shore of Cook lidel and fartlier out on the penin- 

John C. Reeil, "RerciiL Invesli^ailiy I'liiifil Siaics Ciivilopiral Survey of 
Petiuieiim PussibililiL-s in Alaska." linll. Am. A.ysor. Peirol. Cirol.. \'ril. 30 (Seplem- 
ber, 1946), pp. 143,3-14 13; Ralph 1- Miller, "Devclfjpnienls in Alaska in 1949," 
Bull. 34 (June, 1950), pp. I2ii6-I23l. 

ZBB W. A. Ver Wieljc, Oil fields in \urth Awerira (1949), p. 231. 
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sula at Colli Bay. Drilling in these areas has so lar been unsucLessful. 
A large seep near Point Barrow at the northernmost tip of Alaska led 
to the setting aside by the government of a large block of land as a 
Naval Petroleum Reserve.'*"'* During and since World War II, the 
Navy has conducted a vigorous explrjration program in this Arctic 
area, using surface geology, the gravity meter, and the seismograph to 
locate test wells and then drilling to depths, in at least two places, in 
excess of 6000 feet. In mid-July of HM9 the National Military Estab¬ 
lishment announced that the second well drilled about (i miles south 
of Point Barrow had struck gas at a depth of 2500 feet with an esti¬ 
mated potential production of 4 to .5 million cubic feet per day. 1 he 
search for oil is continuing. 

■''“"Anon., "InlLiisivL: K\|jl(ir:ilinn Program MappcMl for Navy’s Alaskan PcLrolciim 
RcservE," Oil and Uas Jour., Vol. 47 (Jan. 20, 1019), pp. 45-47. 



Chapter 10 


DISTRIBUTION OF OIL AND 
GAS F I E L D S - E X C L S I V E OF 
I HE U N I I E I) S 1' A r E S 


Canada ^ 

During; IlH!) lIil* Canailian pHuhictiDn aniijuiucd In al)init 0.6 per 
cent f)J the worhl oil i)uL])iu. This was sliRhtly less ilian tliat ol 
(h)l()raLh) for the same perioil, l)ui it was a !)() jier lent increase over 
the piecediiif^ year, and as soon as jjipe-line f)iitleLs for the new Alberta 
discoveries have been completed Canada (Figs. 166-1 OH) will become 
a niiu h more important source of world oil. 

The Canadian oil history is contemporaneous with that of the 
United States. A natural secj) at Oil Springs in southwestern Ontario 
was exploited by dug shafts in 1H60, and in 1H61 the first coiniiieri ial 
oil well was drilled in this area. Four years later the nearby Fetrolia 
field, which is still producing, was disiovered. Other discoveries fol¬ 
lowed in the southwestern Ontario ])eninsula, and new dejjosils of oil 
and gas are still being found in this area.- In New^ Brunswick, where 
the first drilling for oil took place in IH.'^B, a small oil and gas field, 
the Stony Creek, was discovered near Monc ton in 1909. 

Much ncwTi' and much bigger are the oil and gas discoveries in 
western Canada. I'he first strike w’as made at Turner Valley, near 
Calgary, in 1914. A deeper and more prolific reservoir was discovered 
there in 1924, and a third great strike was made in 1936. In 1920 the 
discovery well of the Norman Wells field, 90 miles south of the Arctic 

1 G. S. Hume, “Pclroleiim Gcoloj^' of Canada," Cnn. Gcnl. Snwey, Economic 
Ceolni^ Series, Nd. II fI944); C. .S. Hume, "Canada," Srienre of Petroleum, VdI. 1 
(Oxford Univ. Press, pp. 96-99; |. G. Gray and W. A. RolifT, "Devclopmenls 

ill (.anada in 1919," Hull. Am. Assoc. Petrol. Geol., Vol. 34 fjiinE, 19.50), pp. 1235- 
1259. 

- Zoe Pauline TroUcr. "Search fur Oil in Ontario," World Oil, VdI. 128 (Decem- 
her, 194B). pp. 227-228, 230. 
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Cirtk* on the Marken/ie River in Ni)rthwL*st Territories, was drilled. 
This field was completely developed durin^jj the war years as a part of 



AJkrDetgan il94ifi 


Tig. ICG. Weslcrii Majni' tecliiiiir rtatuics. ('oiirlesy Oil and Gizj Journal. 

the Canol jirojeit. Another laiel ol this project was the search lor 
new deposits ol oil elsewhere in the Arctic and sub-Arctic, a search 
that is still continuing. 

The modern era in western Canada oil development began in Feb¬ 
ruary', 1947, when the discovery well of the Leduc field was completed. 
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This well flowed at the rate of 1000 barrels a day from near the top 
of a Devonian carbonate and evaporite rork series. I'he second well, 
which came in for a flush production of 2000 barrels a day, discovered 
the deeper, extremely porous, D-2 reef dolomite, and ihc scramble to 
find other reef accumulations in the Devonian section beneath the 
plains of western Canada was under way. The hediic field has had 



three extensions sime the initial drilling. Other discoveries include 
the Redwater field, 30 miles northeast nl Edmonton in 1!MS, the 
Golden Spike field early in 1910, the Excelsior field in l)ecend)er, 1949, 
and three recent finds 90 miles southeast ami 200 miles northwest of 
Edmonton. 

I'he Canadian oil and gas deposits fall naturally into two geographic 
divisions, eastern Canada and western Canada. 1 he eastern Canada 
district is separated from the western by the pre-Cambrian shield bell 
north of Lake Superior. Most of the rnl and gas production in eastern 
Canada is in the southwestern Ontario peninsula. Ihe western 
Canada district includes Alberta, Saskatchewan, and the Northwest 
Eerriiories. In cumulative oil production. Turner Valley, the oldest 
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of the Alberta fields, is in first place, with about 95 million barrels 
throu|i;h 1949. I he aggregate for all the Ontario fields has been about 
50 millif)n barrels, and Ledue in the thirty-four months since discovery 
produced 10 million barrels. In daily production in 1949, Leduc was 
considerably ahead of all other pools, with Redwater second and 
burner Valley third. 



(“Uir saiiil”) area; 10. Kxrtl.sinr nil lield. 

WESTERN CANADA DISTRICT.^* A great sedimentary belt 
extends the length of western Canada from the International Boundary 
northwest to the Arctic Ocean. 'I'opograpliirally, this is the Interior 
Plains province, the northwestern extension of the Great Plains prov¬ 
ince ol the United States. It lies between the pre-Cambrian shield 
on the east and the Front Range of the North American Cordillera 

^iThco. A. IJiik, “The Weslern Canada Sediiiiciiiaiy Basin Area," World Oil. 
\’id. 120 (Deceinlicr, 1019), pp. 230 ei Jivq.; Then. .\. l.iiik, "Alheria’s Oil Devclnj)- 
iiiciil and Pinhleiiis,'' World Oil, \'ol. 120 (July 1, UMO), pp. 205 rt srfj-; (’harlcs 
Dee^an, 'T.xploralinii in Weslern Canada ’roday,” 0/7 and Gas Jour., V’ol. S 
(|iinc 2.3. 1010). pp. 02 el seq.; Benjamin F. Zwiek, •nevelnpiiieiiL of ihe Oil and 
(■as Induslry in Weslern Canada," Alinfj Mag., Vnl. 39 (Deecmber, 1910). pp. 55-61; 
Allicrla Syniposiiiiii, Hull. Am. Assoc. Petrol. Geo/., V'nl. 33 (April, 1940). 
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on the west. Figure lfi9 shows the geologic section across the Canailian 
Interior Plains near the International hoiiiuhiry. Fhe sediinentarv 
strata sag twice, once for the Moose Jaw syncline, which is the northern 
extension of the Williston basin, and again lor the nuich deeper 
Alberta syncline. 1 he intervening positive area is the nortliern end 
of the Sweetgrass arch of northwestern Mriniana. lietween ihe axis 
of the Alberta syncline and the Front Range of the Rocky Mountains 
is the loothills belt in w’hich the sediments are highly disturbed. The 


Alberta Sweetgrass Moosejaw - ^ East 

Syncline Arch Syncline 



lllliillilllll Mississippian 


After Dengan (1949) 

Tin. IGt). WcsLL'iii Canuila. SlriiiMiirc* .si'iliiiii amiss souiliuni plains. Courtesy Oil 

and (ja.s Joiit finl. 


Turner Valley field is in this belt, but the reef fields arc farlher east 
on tlic relatively uiulistiirbed cast Hank of tlie Alberta syncline. 

The reservoir rocks ol western Canada range from the Cower Cre¬ 
taceous to the Devonian. Hydrocarbons are produced frrmi Lower 
Cretaceous, Jurassic, and Mississippian sandstones and from Missis- 
sippian and Devonian limestones. Devonian limestone is much the 
most important reservoir rock. 

The complicated structure at Turner Valley is best illustrated by 
cross sections (Fig. J70). Accumulation has taken place in an over- 
thrust block that has many subsidiary faults. I he principal reservoir 
rock is the Madison (Mississippian) limestone, which has a general 

* G. S. Hunie, '‘I’etioliMiiii Grology iif C;iii:ui:i,” Can. Geol. Sumey, Economic 
Geolof^' Series, Nn. H fl3M). pp. .^7-13; A. j. Gunilman, “Limeslnne Reservoir 
Gondilions in rurncr \':illcy Oil Field, Allierla, Caiinda," Bull, Am. Assoc, Petrol. 
GeoL, Vol. 2D (Aurusi, IDloj, pp. 11.56-1168, 
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westward dip of 20° to 25°. Goodman believes that the upper surface 
of the Mississippian limestone was leached by meteoric waters during 
a pre-Jurassic emergence of the l*aleozoic rocks. 1 his porous zone was 
subsequently covered by Jurassic and younger sediments during later 
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Southern Turner Valley, Alberta 


After Hume [1944) 


Fir.. 170. Tiinier Valley field, Canada. Two IraiisvEise structure sections. Courtesy 
Catuuiian Geologiral Survey. 


submergences. At its upper end, the reservoir rock abuts against the 
underthrust blot k: a fairly well-developed drag fold is present in the 
contact zone. T rapping has been due to the truncation of a plunging 
anticline on a nionoclinal dip by a major fault. Another Madison 
producer is the Pincher Cheek field, a recent discovery 15 to 20 miles 
north ol the International Roundary. This field produces gas and 
distillate from a depth of 12,250 feet. 
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The Leduc field was illustrated and desiribud in Chapter 8 (Fig. 
68) as an example ut reel trapping. The Redwater field is probably 
the largest of the reef fields so far discovered. It is at least 10 miles 
long and 2 miles wide. The lop 170 feet of the I)-^ reservoir is 
saturated with oil; beneath the oil is bottom water. The discovery 
well of the Golden Spike field, drilled 4V, miles northwest of the 
VVoodbend j)Ool, a Lediir outlier, had an estimated initial prodmlion 
of 12,000 barrels daily. Here the uppermost 546 feet of the /)-3 reser¬ 
voir is saturated with oil. Below this zone the limestone is tight and 
contains neither oil nor water. Tlie Norman Wells field occupies 
parts of two islands and the right bank of the Mackenzie River in 
Northwest 1 erritorics, about 55 miles below Fort Noniiaii. The reser¬ 
voir rock is a reef limestone surrounded by shales of upjjer Devonian 
age. The reef lies on a monocline that has a southwest dij) of about 
5". Water underlies the oil down-dip; closure iij>dip and to the sides 
is the result of the pinching-out of the reef rock. 

I'lie great reserves of petroleum products j)resent in the heavy oil 
depc^sits of the Alhabaska area are discussed in C^hapter 11. 

EASTERN CANADA.'* Except for the Stony Creek field in New 
Brunswick, which produces from fresh-water sediments of Mississippian 
age, the eastern Canada oil fields arc confined to the southwestern 
Ontario peninsula, especially that [)art of the j)eninsula lying between 
Lake Erie and Lake St. Clair-St. Clair River. I’ec lonically, this area 
is the Chatham sag between the Findlay and the Ontario arches. To 
the northwest is the Michigan basin and to the southeast the Ohio 
basin, the northwest flank of the Apjjalachian geosyncline. 1 he rc*ser- 
voirs range in age from the Devonian to Ordovician, but in terms of 
hydrocarbon production, especially gas, the ^Silurian reservoirs are the 
most important. 

Rolifi ■ has described the occurrence of oil anti gas in Silurian dedo- 
mites. He believes that trapping in the Guelph-Lockport reservoirs 
has been due in the main to the presence of reefs. Faults are common 
and may have contributed to the trapping. In the fields producing 

5J. S. Stewart, "Norman \Vl41.5 Oil Ficlil, Nrirthwest Terri lories, Canaria," Struc¬ 
ture of Typical American Oil Fields (Am. Assoc. I’etrol. (icol., If)IK), Vol. 3, pp. 
K6-109. 

^ G. S. Hume, "Oil and Gas in Eastern Canada," Can. Crol. Survey, Eronomir 
Ceolof^ Series, No. 9 (1932), pp. I-HK: J. F. Calcy, "Paleo/nii; Geology of the Branl- 
loid Area, Ontario," Can. Geol. Survey, Mem. 226 (1911), "C;cfilogy of the London 
Area, Ontario," Mem. 237 (1943), "raleozoic Cieology of the \Vind.sor-.Sarnia Area, 
Ontario,” Aleni. 240 (1945). 

7 W. A. Roliir, "Saliiia C^UL'Iph Fields of .SDUlliwESlern Ontario," Bull. Am. Assoc. 
Petrol. Geol., Vol. 33 (February, 1949), pp. 1.5.3-IHH. 
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I roiii the overlying Salina rocks, on the other hand, a coni bination of 
anticlinal structure and porosity is necessary. I'hese carbonate rocks 
are quite eriatic in the distribution of porosity, and many wells in 
striH LiJially high positions fail to find adequate permeability. The 
antiflinal traps range in shape from elongate anticlines to quaqua- 
versal domes. Most of the folds have closures between 25 and 50 feet. 


Mexico ® 

During 1040 Mexico produced approximately l.B per cent of the 
world’s jietroleum output. This was slightly less than the jiniduction 
for the state of Illinois for the same period. 'The Mexican oiilpul for 
1049 was aboiil G1 million barrels, not quite one-third of its produc¬ 
tion in 1921, when Mexico ranked second only to the United States 
among the oil-producing countries of the world. 

As in many other jiarts of the world, the Mexican oil districts (Figs. 
171-174) contain abundant seeps, some of large size. I'liese were 
exploited for dei:ades and even centuries before the drilling of the first 
oil wells, and they were used as a guide for the location of oil deposits 
when drilling became active. Fhe first successful oil well was drillt‘cl 
in the Fainpico area in the early I880’s, but it was not until the early 
IDOO’s that Mexico began producing oil in imj)ortant quantities. T’he 
Fanuco, or Ncnthein, field was discovered in 1901, and the “Golden 
Lane” field, south of 7’ampico, in 1910. Exploration along the Golden 
Lane resulted in a series of gushers as large as any the world has ever 
seen. One of these had an estimated initial production of 100,000 
barrels a day. 

T he first successful oil well in the Isthmus of Tehuantepec district 
was conqjleted in 1921, and the Poza Rica field, currently the largest 
ill Mexico, was discovered by exploration to the south of the Golden 
Lane in 1930. 

After many years of inactivity in the way of new discoveries, Mexico 
began to open up new fields again in 194fi. The first discovery was 

H jorpe L. Cum mi 11 . 1 ^, "Deep Disi:i)veriE.s Mexico's Oil Reserves," World 

Oil. Vol. 130 (M:ut1i, in.^iO), pp. 225-226: AnioniD Garcia Rojas, "Mexican Oil 
^’iclds," Bull. Am. A.ssoc. Petrol. GeoL, Vol. .33 (.Aiif^iisL, 19-19), pp. 1336-1.3r)0; J. M. 
Muir, '‘C;eolDj;y of ihe Tarnpico-Tiixpan Oil r'ieltl Rej^ioii," Scienre of I^etrolcum 
(Oxford I'liiv. Press, 1938). 1, pp. 100-105: Miiiuiel .Saniillan, ‘ Synopsis of 

the Geology of Mexico," Hull. .Am. As.sor. Petrol. Geol., Vol. 20 (Apiil, 1.93G), pp. 
391-^102; Eiluardo |. Guziir.iii. Federico Mina Uhiuk, and Stewart H. Folk. "Develop¬ 
ments in Mexico in 1919," Bitll^ Am, Assoc, Petrol. Ceul., Vol. 34 (June, 1950). 

pp. 1260-1282, 
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Sedimeiitarv basins and oil fields in Mexico, Central America, and West Indies. Courtesy 
L. G. Weeks mid American .^jioriVirion of Petroleum Geologists. 




Fit;. 173. Mexico. Oil anil gas ficlils. 
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the Mision gas field in northeastern Mexico, immediately across the 
Rio Grande River from Hidalgo County, Texas. During the first half 
of 1948, the Rcynosa oil field was discovered a few miles down river 
from the Mision field. This was the first discovery of oil between the 
International Boundary and the Tanijiico area. Other discoveries 
have included some new production in tlic Moralillio field, west ol the 



1 ic. 174. Mexiro iiiilrx m:i|j. 


Golden Lane, and iwu new fields in southern Veratruz in the Isthmus 
region. 

The Mexican oil fields so far discovered are confined to the Gulf 
Coastal plain, a continuation of the same physiographic and tectonic 
province in the southern United .States. Owing to the presence of 
the Rio Grande syncline, tlie coastal plain extends far into the interior 
along the International Boundary, but in the Tampico area the plain 
is only about 75 miles wide. It pinches out altogether north of Vera¬ 
cruz, but then it reappears and continues southeastward and eastward, 
occupying about half of the Isthmus area and the entire Yucatan penin¬ 
sula. The Mexican coastal plain is the west, southwest, and south rim 
of the great Gulf of Mexico sedimenlary basin: the north rim is the 
Gulf Coastal plain of the United States. Salt-cored structures occur in 
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the Isthmus nf "rehuantepec area but have not been found as yet in 
other parts of the Mexican coastal plain. 

The Mexican oil fields fall naturally into three districts: the north¬ 
eastern, the Tampico, and the Isthmus of Tehuantepec. The Tam¬ 
pico district is further subdivided into the Northern or Panuco area, 
the Southern or Golden Lane area, and the Poza Rica field, which lies 
still farther to the south. The Golden Lane fields lead in ciiniiilative 
production. This area has produced over 1 billion barrels of oil since 
its discovery in 190B. The Northern fields have produced more than 
HOO million barrels since 1901, and Poza Rica .^^5 million barrels since 
19S0. In 1919, Poza Rica was the leading field in Mexico, with a daily 
production averaginf* 9.5,000 barrels. The Northern area was second, 
with a daily averag;e of 2fi,000 barrels, and the Golden Lane di.strii t 
third, with 1H,000 barrels daily. The aggregate production for the 
various fields in the Isthmus district durinpf 19d9 was about 17,000 
barrels daily. The Isthmus fields produce from Miocene sands; the 
reservehrs in the rainpico district are Lower Oetaceous liiiieslones. 

NORTHEASTERN MEXICO DISTRICT.’ In early 19.50, the 
northeastern Mexico district consisted of the Mision ^as field, four 
other, and smaller, f;as fields to the wesl, and the Reynosa oil field. 
l"he reservoir rock at Mision is a .sandstone lyin/^ within the Vicksburg 
of Lower Oligocene age. Arcumulation has taken place in a dome 
faulted on the west flank. However, trapping is due mainly to the 
wedging-out of the reservoir sands on the eastern flank l)efore they 
reach the apex of the fold. At Reynosa the oil has been trajjped in an 
elongate anticline with a north-northwest trend, a length of 5 miles, 
and a maxiininn width of miles. The clcjsure, according to a sei.s- 
mograph survey, is about 1.50 feel. Produition has been found in 
two oil sands and three intervening gas .sands, all within the Frio for¬ 
mation of Oligocene age. 

TAMPICO DISTRICT."' The Gulf (Coastal plain in the Tampico 
district contains literally thousands of heavy oil seepages. Also present 

^ EiUiarilo ). Giiziiiihi, "New rclmlcuin DcvL'lopineiil hv Pelrnlcn.s Mexicanns in 
Norllieaslerii Mexiro," Bull. Am. Assor. Petrol. Gcol., Vul. (Aiiji^iisl, ID40), pp. 
1 S.'Sl-l.'J8-1; William G. Kane, ".Slrurlural Gcolo}^y of Hnrder Province of North- 
easlcrn Mexico Adjaceiil to Z:i|jaia and .Starr Goiinlies, Icxas," Bull. Am. Assor. 
Prtrol. Cpol., \’nl. 20 (April, 1.030), pp. ^0.3—116; Eduardo J. Gu/iiian, "Report of 
Pemex Aclivilies in NDrlhcaslcni Mexico," Oil and Oas Jnur., Vol. 17 (March 17, 
1.0-19), pp. 105 et seq. 

tojolin M. Muir, "Limestone Rc.scrvoir Rock.s in the Mexican Oil Fields," Prob¬ 
lems of Petrolnim Gro/ogv (Am. Assoc. Petrol. Geoi., 1931), pp. 377-398; Earl A. 
I rager, " I he Geologic tiislory of the Panuco River A'allev and Its Relation to the 
Origin and .Acciiiiiulation of Oil in Mexico," Bull. .-im. .issue. Petrol. Geol., Vol. 10 
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in this district are many nccurrences of igneous intrusions, mainly 
dikes and volcanic plugs. DeGolyer " has pointed out that a consid¬ 
erable number of the oil seepages are in the igneous-sedimentary 
contact /one, probably because ‘•the fractured, fissured, and metamor¬ 
phosed plane of contact provides easy thannels of migration along 
which the oil from deep reservoirs of sediineniary rocks is forced to 
the surface.” In one relatively .small oil field, the Furbero near I’o/a 
Rica, most ol tlie nil accumulated in the contact /one between a sill 
of gabbro and the overlying metamorphosed Tertiarv shale. 



Fic. 175. Noiilicin siibflisiiia. Mcxiio. Noriliwcsi-siuillitiisi Linss .scciinii of Cn- 
talilao aiilitliiic. Cuiirie.sy Ainfiriran .tssf3(iatinfi of Pfltolrmii (ipolu^islx. 


The oil fields in the nurtlicrn part of the 1 unipicn ilisirii t on upy a 
roughly circular area a short distance to the west of anipico. I hey 
lie upon a southward-plunging regional anticline cored by the Ta- 
niaulipas (Cretaceous) limestone. I his liinestonc and the inimediately 
overlying San Felipe limestone are the reservoir rocks throughout the 
northern area. Both limestones arc compact, and accumulation has 
taken place only where they are Iraclured. Some ol the Iractures are 
due to jointing, but most appear to be the result of the shattering 
of the brittle limestones during faulting. Trapping has taken place 

(July, 192G), pp. 667-696; Hen C. JJell, ‘■.Sir:ili^r;iphy of ihc l urnjjiLn Dislrin of 
Mexico,” Bull. Am. Assoc. Petrol. Geol., Vol. 9 (janiiary-FebiLiary, 1925). pp. 1.56- 
141. 

E. L. DeOnlyer. “Oil A5.socialeil wilh Igiicuiis Rocks in Mexico,” Bull. Am. 
/Iwor. Petrol. Geol., Vol. 16 (AurusI. 1932), pp. 799-818. 
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either at the Lop, where fracturing is present, or on the flanks of local 
anticlines (Fig. 175) superimposed upon the southward-plunging 
regional fold. The oil in the northern fields is unusually heavy 
(gravity 12.8°) and flows through the lines at the surface with difficulty. 

In the southern or Golden Lane subdistrict, the fields occupy a very 
narrow belt about 51 miles long with an average width less than 1 
mile. The reason for the long and narrow shape of the producing 
area is that the oil has accumulated along the crest of a sharp anti¬ 
cline with a sleep, probably faulted, west flank (Fig. 17C). This fold 



I'li;. 176. CiDhIon Lane, Mexirn. Nonhwcsi-sniiihcast cross .section. Courtesy 
American Association of Pctrolrum Ccologisis. 


is not adequately reflected in the surface geology, and the early discov¬ 
eries were made by drilling close to oil seepages. The reservoir rock is 
the El Abra reef facies of the Tainaulijias limestone of Cretaceous 
age. Because it is extremely porous and even cavernous, almost every 
jjrodiicer drilled was a large gusher. Salt water under high pressure 
underlies the oil. 

The Poza Rica field lies about 160 miles south of Tampico and 
has been the leading producer of Mexico since 1055. Trapping is 
anticlinal, and the main producing formation is the Tamabra lime¬ 
stone of Lower Cretaceous age. It is highly porous. 

ISTHMUS OF TEHUANTEPEC DISTRICT. Unlike the other 
fields of Mexico, those in the Isthmus area produce from sandstones of 
Miocene age. Furthermore, the structures are all salt-cored; in some 
the salt lies close to the surface and in others the cap rocks arc buried 
to considerable depths. About four fields, now abandoned, produced 

1- Giiillcrinn V. Salas, "ticolni^y and Dcvelnpiiicni oF Pn/a Rira Oil Fidri, Vera- 
CTii/, Mexico," Butt. Am. A.s.wr. Petrol. Geot.. Vol. .11 (Aii^^iist, 1!M3). pp. lISfi-MOn. 
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from the cap rock itself. Most ol the current production is coining 
from upfolds on the flanks of the salt drniies, which arc probably by¬ 
products of the salt pierceincnt. 


Cuba 

Currently Cuba is producing about 300 barrels of oil daily from 
two ficlds.i^ During 1919 the total Cuban proiliiciion ainoiinlcil in 
about 0.004 per cent of the world’s oil output. I'liis was slightly 



Ion. 177. Cuba. ScilimciiUirv basins anil oil tii-bls. Courtesy Arnrrican Assnrialinii 
of Celrolcnm t;ro/r;/,^i.v/.v. 

more than that of Brazil and slightly less than the Burma production, 
riic fields now producing are the Moteiiibo, which was discovered 
in 1881, and the Jarahueca, which began jmidiicing in 191.1 A third 
field, the Bacuranao, discovered in 191"), is now inactive. Oil and 
gas seeps and asphalt deposits have been found in pi actically all parts 
of Cuba. In at least four localities asjdiall is being, or has been, 
mined. 

The island of Cuba is structurally an asymmetric geanticline with 
the older rock core exposed in the central part. Jurassic, Cretaceous, 

13 J. E. Kastrop, “Cuba’s Oil Oiiilnuk,” IVorld Oil, VdI. 130 (May. 1.050), pp. 219- 
220; |. Whilnev Lewis, “Oaiiricnic nf Oil in Igneous Rorks iif CiJlia," Hull. Ar/i. 
As.wc. Petrol, (ieol., \'i)l. 16 (Aii^uisl. 1922). l)p. H09-H1H; .Arlbur H. Reilfielil, “I'cMm 
leiini Rescive.s of the West Imlics,” nans. Am. Inst. Min. Met. EufriTieer.s, Vol. 6H, 
Nil. 11G6-P (June, 1922). 

14 L. O. Weeks, "Highli|;lils un 191H ncvcliipinenis in Forei^oi Feiroleum EieUls.’’ 
Hull. Am. Assor. Petrol. Geol., Viil. 33 (June, 1919), p. 1019. 
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Mild Tertiary sedinieiuary rorks occur on the anticlinal flanks in 
northern and southern Cuba (Fi^. 177). The three oil fields so far 
discovered are in the sedimentary basin on tlie nortli flank of the 
geanticline. The scdinieiiLary rocks are intruded by basic igneous 
rocks, most of which have been serpentinized. In all three of the 
Cuban oil fields, the oil has been found not in the sedimentary rocks 
but in cracks and fissures in serpentine. 'These fields were discovered 
by drilling alongside gas or light oil seeps. 

The oil at Motembo is a colorless naphtha, perhaps because of the 
filtration through clay of heavy petroleum migrating into the reservoir 
serpentine. T he source of the oil is undoubtedly either the subjacent 
Jurassic sediment or the adjacent Cretaceous beds. 

South America 

The sedimcnlary basins and oil fields of South America are shown 
on Fig. 178. Although a large part of South America, including the 
Andes ranges and the hra/il-Guiana shield, is floored with crystalline 
rock, there are, nonetheless, areas of considerable size which contain 
an adequate thickness of sedimentary rock for the commercial occur¬ 
rence of petroleum. 'The most prolific of the basins so far explored 
are the two at the northern extremity of the continent, which cover 
eastern and western Venezuela. The eastern Venezuela basin extends 
across southern Trinidad, which geologically is a part n[ South 
America and which will be considered in the following section. 

Venezuela has been the second country in the world in oil produc¬ 
tion in recent years, and the first in South America, |)roducing about 
sixteen times more oil than the second South American country, 
Colombia. Argentina is third, Trinidad fourth, and Peru fifth. 
Smaller amounts of oil are obtained in Ecuador, Bolivia, and Brazil. 

General References. L. G. Weeks, "Highlights on 11M8 Develop¬ 
ments in Foreign Petroleum Fields," Bull. Am. Assoc. Petrol. Geol., 
Vol. 33 (June, 1949), pp. 1029-1124; Oil and Gas Jour., Annual Reviexv 
Number, Vol. 48 (January 2fi, 1950); Oil and Gas Jour., International 
Number, Vol. 48 (December 22, 1949); World Oil, International Oper¬ 
ations Issue, Vol. 131 (July 15,1950); Max W. Ball, This Fascinating 
Oil Business (Bobbs-Mcrrill, New York, 1940); Joseph T. Singewald, 
Jr., "Bibliography of Economic Geology of South America,” Geol. 
Sor. Am., Special Paper 50 (1943): John L. Rich, “Oil Possibilities of 
South America in the Light of Regional Geology,” Bull. Am. Assoc. 
Petrol. Geol.. Vol. 29 (May, 1945). pp. 495-563. 
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Trinidad “ 

The nil jiroduction for Trinidad during 1949 amounted to approxi¬ 
mately 0.6 per cent of that for the entire world. This was slightly 
less than the Colorado production and slightly more than the Michigan 
production for the same period. Heretofore, Trinidad has been one 
of the leading oil producers in the British Empire, but Canada caught 
up with it in 1949 and surpassed it in 1950. 

Although Sir Walter Raleigh calked the vessels of his fleet with 
asphalt from the Trinidad pitch lake in 1595, and exploitation of this 
semisolid hydrocarbon deposit has been continuous since 1R67, it was 
not until 190B that Trinidad commenced commercial production of 
litpiid .petroleum. In a relatively short time after the drilling of the 
first successful oil well, nearly a score of additional fields was dis¬ 
covered, and the cumulative production to date amounts to over 
billion barrels. Several deep wells have been drilled in recent 
years in an attempt to discover new Tertiary and jjerhaps Cretaceous 
reservoirs. These probings have not as yet been successful. Gravity 
surveys have been made across the Gulf of Paria between the oil fields 
o{ Trinidad and those of eastern Venezuela, but ollshore drilling of 
promising structures awaits the granting of the necessary licenses. 

The island of Trinidad (Fig. 179) is about 50 miles long, north 
and south, and 30 miles wide. It can be divided physiographically 
and tectonically into five east-west provinces, of which three are ranges 
and two are intervening lowland zones. The Northern Range exposes 
Cretaceous and older metamorphic rocks. The Central Range has a 
Oetaceous core, and in the Southern Range, lower Tertiary rocks 
arc cxjiosed along the axis. Almost all the Trinidad oil fields so far 
discovered are in the lowland belt between the Central Range and 
ihe Southern Range, especially in the western half, where upper 
Tertiary rocks lie at the surface. Structurally, the southern lowlands 
is a wide synclinal trough, but along the edges adjacent to the ranges 
the sediments are close-folded and thrust-faulted. 

Most of the reservoir rocks in Trinidad are Miocene sands. Recently 
considerable oil has been discovered in an Oligocene reservoir in 
several fields. No older rocks have been found to be productive as yet. 

About 90 per cent of the production has come from a belt extending 

V. C. anil Hans G. Ku|'ler, “I'aslcni \’Lnc/iiL*la and Trinidad." .S'r#>r/rer of 

Pelrnlcitm (Oxlnrd Tniv. Press. 1938), Vnl. I. pp. 100-110; Ci. A. Waring and C. G. 
Guiison, "CiL'ulugy and Oil Rcsnurces of Irinidail, Briiish West Indies," Bull. Am. 
Assoc. Petrol. GeoL, Vol. 9 (ScpiL’iiibcr, 192.'’i), pp. 1000-1008. 
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across the southwestern Trinidad peninsula from Bri^rhion on the 
north shore to Palo Scro near the south shore. The leadin|r ficUl in 
both cumulative production and yield during 19^9 was the Forest 
Reserve, which lies about midway across tlie peninsula. This field 
was discovered in 1914. The second and third fields in both ciimii- 
lative and current production are the Point Fortin and the Penal. 



Fin. 17n. rriiiiilail iiiilex map. 


Most of the trapping in the Trinidad oil fields is anticlinal. In 
some fields, such as Penal, the anticline is faulted, and in a few fields 
true fault traps exist. "To some extent the distribution of oil in the 
anticlines, and a relatively small amount of actual trapping, are due 
to varying permeability of the reservoir sand. 

The northernmost field on the southwestern Irinidad peninsula 
is the Brighton. The oil brought to the surface by wells in the 
Brighton field has accumulated in a structural tlome about 2 miles 
in diameter. On the crest of this dome at the surface is the famous 
pitch lake, which is nearly circular and about mile in diameter. 
Although millions of tons of asphalt have been removed from this 
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Jake and shipped Lo all parts of the world since 1867, this activity has 
lowered the lake level only about 16 feet. Continuous upward seepage 
of heavy oil that hardens upon contact with the air has replenished 
the greater part of the asphalt removed. 


Venezuela 

In 1949 Venezuela (Figs. 180-182) was second only to the United 
States, producing 14 per cent of the oil output of the world. The 
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Fin. 180. ^’pllc7llcla. Scdiiiienlnry basin.s. Courtesy Chase National Bank. 

United States produced 54 per cent during the same year. The 
Venezuelan output is approximaiely equal to that of California and 
Oklahoma combined. The market situation in Venezuela is quite 
different from that in the United States, for that country exports 

in Ralph Alexander Fiddle, The Geology of Venezuela and Trinidad fPaleonto- 
logical Research InsLiliiLiuii, Illiaca, N. Y., 1946), reviewed by E. Mcnchcr, Bull. 
Am. Assoc. Petrol. Geol., Vol. 32 (March, 1948), pp. 382-383; Venezuelan number 
World Petrol., Vol. 10 (December, 1939); Joseph E. Pogue, Oil in Venezuela (Chase 
Xalional Bank, New York, June, 1949). 
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nearly ?9 per cent of its annual oil production. In recent years, about 
one-third of Venezuelan oil has gone to Europe, another third to the 
United States, and the remaining third has bten distributed among 
other South American countries, Canada, Central America, and nearby 
marine fueling stations. The markeiing of \'ene/iielan nil is simpliricd 
considerably by the strategic geograjihic position ol ibis country. The 



ji^reat oil fields of Lake Maracaibo arc closer to New York Lily than 
are the oil-shipping ports of the 1 exas fiiilf Coast. 

Although petroleum has been known in Venc/uela for centuries, 
the country is a relative newcomer among oil-producing common 
wealths. It was not until H)12 that any serious effort was made to 
find oil in Venezuela, and the first field, the Mene Grande, which 
lies to the east of Lake Maracaibo, was discovered in 11)13. During 
the two years following, other fields were found southwest of the 
lake, and in 1917 the first of the great Bolivar Coastal fields along 
the east shore or Lake Maracaibo was discovered. The largest of the 
Venezueian fields, the Lagunillas on the Bolivar Coast, began produc- 





Fic. 1R2. Vfiic/iicla inilcx map. 

A, Mnna{^:i.s shite. 5. rabimas oil lielil. IH, Ofidiia i^roiip nil fields. 

n, I'-jlcuii stair. n, riilnii distrii:! nil lields. IT, OiiL'iiia nil Held. 

C, Sucre stale. 7, Coiucpcinn oil field.- IB, Pedernalc.s nil liclil. 

D, OiiaricD statu. H, £1 Menu de Acnsln oil 19, Quiriqiiire oil field. 

1% An/nale^iii state. field. 20, San Jiiaipiin nil field. 

7% /.Lilia .stale. 9, £1 Krddc oil field. 21, Santa Ana nil field. 

10, La^iiiiillas oil field. 22. Sania llarbara-Jnsepin 

1, Anaro ^vniip nil fields. 11, l.a I'az oil field. nil fielil. 

2, Bachatiiicri) nil lielil. 12. I.a.s Cruces oil field. 2.^, Tarra group oil fields. 

3, llnlivar Coast group oil 13, Manueles oil field. 21, Tciiiblador-rucupita 

fields. M, Menu Grande oil field. nil field. 

4, Boscan oil field. l.'S, Mercedes group nil 2.1. Tia Juana oil field. 

fields. 

Venezuela i.s notable for the quantity and .size of its oil and asphalt 
seepages. Sonietinics deseribed as the largest seepage in the world 
is Bermudez, or Guaiioco, Lake in eastern Venezuela, an asphalt 
deposit larger in area, but perhaps not in depth, than the pitch lake 
of Trinidad. Seepages arc especially common around the edges of 
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Maracaibo basin, and their presence aided nialcrially in Findin^r the 
earlier oil fields. At Mene Grande hundreds of seejiaf^es occur, cover¬ 
ing an area of about I square mile with asphalt. 

After the initial discoveries in both western and eastern Venezuela, 
the search spread to other parts of these districts and many new fields 
were found. In recent years the emphasis has been on greater ex 
ploration of the third dimension, depth, and this search has also been 
extremely successful. Early production in tlie Lake Maraciibo area 
was confined to Oligocene Miocene sands, bin more recently rich 
Eocene reserves have been lound under the lake by deeper drilling. 
In 1944 oil was discovered in quantiiy in Creiaieous liniesiones (here¬ 
tofore practically all the prodiictifni had been from Tertiary sand¬ 
stones^ west ol Lake Maracaibo, and nev rlisi'overies are con tinning 
in that area. Some C^reiaceous linicstoiu' wells arc producing ovi'r 
20,000 barrels daily, and the average is about HOOO barrels. A Cre¬ 
taceous oil deposit recently discovered in ihe oiiiskirts of the city of 
Maracaibo is one ol the deeper oil fields ol the world, lying below 
12,200 feet. 

With tile exception of the Cretaceous limestone reservoirs now being 
exjdoited west of Lake Maracaibo, practically all the Vene/iielan 
jirodiution comes from 1 ertiary sandstones. Miocene and Miocene- 
Oligocene formations arc of great iniportanie in both western and 
eastern Venezuela. Eocene saiidstoiies have produced a major portion 
of the oil in many western Venezuelan fields and constitute a huge 
reserve in the Lake Maracaibo area. The Eoceiie-Oligocene Merecure 
formation has become an important source of oil in the Anaco group 
of fields in eastern Venezuela. 

As regards types of traps, the Bolivar Coastal fields of western 
Venezuela and the Qiiiriqiiire field of eastern Venezuela arc largely 
due to up-dip w^edge-out of reservoir beds against an unconformity 
surface. The fields on the soiithcrn edge of tlie eastern Venezuela 
basin are mainly the result of fault accumulations. Fields of the 
Anaco trend in eastern Venezuela and such western Venezuelan fields 
as Menc Grande, Concepcion, and La Paz are dominantly anticlinal. 

Venezuela is divided into two tectonic basins (Fig. 180) by the 
Venezuelan Andes and Caribbean Ranges. 'Fo the north and west 
of these mountains is the Maracaibo-Falcon basin. To the south and 
east arc the Apure basin, extending into Colombia, and the Orinoco 
basin, opening eastward to I’rinidad and the Atlantic Ocean. So far 
most of the Venezuelan oil has come from the Maracaibo part of the 
Maracaibo-Falcon basin and from the Orinoco basin. Some oil has 
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been found in the Apiire basin, but no outlet has yet been provided 
for it. it is rii.stoiiiary to classify the oil fields of Venezuela into two 
principal districts^ eastern and western. 

So far Venezuela has produced approxirnatdy .5.bdlion. barrels of 

oil, with about 9 biljjnn ba^^^^ crude reserve remaining. 

About three-fourths of that total production has come from the 
Bolivar Coast and Mene Grande on the east side of Lake Maracaibo. 
The leading individual fields in cumulative production are Lagunillas, 
(^abimas (La Rosa), Tia Juana, Mene Grande, and Quiriquire. How¬ 
ever, the production-ranking of an individual oil field may be as mis¬ 
leading as the population-ranking of a city, since both may commonly 
be restricted by arbitrary areal limits placed about them early in their 
hisU)ry. For this reason, a possibly more significant areal evaluaiion 
of Venezuelan production is that made by general producing areas or 
groups of fields as tabulated. 



Average Daily 

Cumulative 


Production 

Production 


1949 

to End 1949 

Western Venezuela 

Bolivar cna.stal fields 

631,500 

3,155,2(K),000 

Mara-Maracaibu fields 

220,HOO 

249,000,000 

Mene (hande 

46,300 

339, (MH), 000 

Colon fiidds 

12,2(K) 

113,700.000 

Falcon fields 

5.000 

68,500,000 

Bos can 

3,700 

1,7(K),(KX) 

F.astern Vcne'zuela 

Greater Oficina fields 

183,700 

359,8m), 000 

Sta Barliara-Jiisepin 

73,7(K) 

252.000,000 

QuiriL|uire 

63,700 

326.4m),m)0 

Anaco fields 

34.3(K) 

72,500,000 

Teniblador-Tuciipita fields 

16,000 

38,400,000 

Mercedes 

15,600 

7,800,000 

Kastern (iiiarico fields 

11,700 

5,200,000 

Pedcrnalcs 

5,800 

12,5(K),000 


Western Venezuela.*" riic oil fields of western Venezuela lie in 
the MiMi.Lcaj_bp-Fali on Uipographic depres- 

Cnrihliriin l*i'lri)lL'iiiii tJMii|i'.in\ Siall', “Oil I'ields »!' Kriyal Diilrh-Shell t^ioup 
ill Wcslerii \’ciuviiel:i, ' Hull. .iin. A.s.s{)c. Petrol, (ieol., N’ul. 32 (April, UHH). pp. 
5l7-ti2H; V. A. Suiinii, "CiiMiliijiy nf Marataiho nasiii. Vuiic/iiela,'’ Hull. .lui. A.s.wr. 
Petrol. Geol., 30 (Orlnhcr, 1940), pp. 1621-1/41; H. B. Scliaul), "OiilliiiE: iii 

ScdiniL'iilalinii in MaraLailiii Basin. Venezuela,” Hull. Aw. A.\sor. Petrol. GeoL, VdI. 
32 (feliriiary. 1!)48), pp. 21.5-227: V. R. Garlias and ThenilorE Chapin, “Cnlnniliia 
and Mararailio Basin,” Science of Petroleuw (Oxford Llniv. l*rL*ss, 1938), N'nl. 1, 
pp. 111-117. 



Venezuela 


535 


sion bounded by the Andes de Merida on ihc southeast, the Sierra de 
Perija on ihe west, and a foreland (not a part of the Andes orogeny) 
and the Caribbean Sea to the north. 'This pan of South Anierita 
passed through a series of orogenies that culniinaled in the late Pliorcnc 
by the uplift of the two Andes ranges, at whirh time the linal shaping 
of the Maracaibf)-Falcon basin took plaie. Sinuiltaneinisly, aniirlinal 
folds were iornied on the eastern and western Hanks of the basin 
parallel to the bordering highlands. I hc Maiac iil>o basin, in which 
most of the oil fields of western Vene/iiela an* Imaled, was a basin 
of sediiiientation. It is ocnipied at tin* center by Lake Maracaibo, 
which is in reality a very large bay of ihe Caribbean. The basin 
extends lo ihe southwest a short distance across the boinulary into 
eastern Ca)loTubia, and five oil fields hu\L been discovered so far in 
the Colombia part of llie Maracaibo bi sfn (IVaici) concession). 

About 85 per cent ol the basin is coAcied by either lake water or 
Quaternary deposits. Successively older formations, locally extending 
to the pre-C^ambrian, are exposed around the basin eilge. Oil in 
tominercial ijiiantiiies has been found in all bill iwo f)f the seventeen 
foi Ilia lions which comprise the 2'1,000-foot stratigraphic section from 
the top of the middle Miocene down to the base of the middle 
Cretaceous. 

Accuimilatioii of nil in western Vene/iiela is cbielly strucliiral around 
the jreriphery, but tenvard the center of the ir.isin it has been controlled 
in large part by permeabilily variations. Kaiiliing is tpiiie coiiiinon 
and has contributed to the closure necessary for trapping in several 
fields. 

I’he oil fields of western Venezuela may be divided into six groups. 
First and foremost of these producing areas is the Polivar Coastal 
fields on the east shore of Lake Maracaibo and extending out iiito 
the lake lor varying distances. (Some producing wells have been 
drilled in 100 feet of water and more than 10 miles from slmrc.) A 
second area is that of the Menc Grande field, south of the Bolivar 
Coastal .fields and 12 miles inland from the cast shore of the lake. 
This is the oldest major field in the country. A third producing area 
is in the Colon district, southwest of the lake and near the eastern 
border of Colombia. A fourth area is on the west side of the lake, 
northwest of the city of Maracaibo, in the dislrict.s of Mara and Mara¬ 
caibo. A fifth is the recently discovered Boscan field, southwest of the 
city of Maracaibo, and a sixth group includes the fields of the State 
of ^ of the lake. 
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Acrordin^ to the Caribbean Petroleum Company Staff/most ol‘ 
the oil so lar produced in the Bolivar Coastal fields has come from 
Miocene sandstone reservoirs, which have a regional dip lakeward. 
Trapping on the mr)noclinal dip has been due to a combination of 
structural and stratigraphic conditions. Low plunging anticlines are 
sealed up-dip by fa ties changes which involve decrease in permeability, 
by wedging-oiit of lentinilar sands (Fig. 1S3), and, esj)ecially in the 



I'lfi. lt;iiliai|iiL'iu liL’Iil, \ L'liLviiL'la. hast west riuss sctliun showing iipilip 

wril^L'-iiiiL ol piuiliiL'iii^; saiRls. C.'rRir/rvv .hutiivan .issftfiuliun uj Pctroleutu 

firo/oMv’.v/j. 

C/.ibinias field, by strike faults. Another interesting occurrence in the 
(/abinias field is a general decrease in the specific gravity of the oil 
down-dij). This ajjpears to be due to ncar-siirface asphalli/ation of 
the oil. which further aided trapping. 

At Meiie Grande the oil has accumulated in a much-faulted dome. 
The I,as Cruces anil Mamieles fields in the Colon district southwest 
of i.ake Maracaibo are the result of trapping in nodes along the Tarra 
anticline, a north-south fold which has been traced at the surface 
for a distance of 4fi miles. This structure is thrust-faulted, and oil 
has accumulated in domes in the overthrust block. 

The area west of Maracaibo City and northwest of Lake Maracaibo 
(districts of Mara and Maracaibo) has become prominent because of 

>8 Op. cit., p. Ti l.S. 
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ihc discovery of oil in relatively deep Cretaceous limestone reservoirs. 
Production is Ironi anticlinal traps, hut faulting; has jjlayed a part 
in controlling accumulation. The Concepcion lield in this same area 
(Fig. 184) produces largely from the Eocene on a strongly folded 
anticline with several longitudinal and cross faults. As a result, the 
anticline is broken into fi\e main blocks. Fhe highest of these, at 
the apex of the fold, was the one in which oil was lirst discovered 
and the earliest development took ])lacc. However, the thickest reser¬ 
voir sand section is on the Ramillete flank, and so this structural block 
has provided the greater part of the Concepcion oil. I’he rtil moving 
up-dip on the Ramillete flank was imjjounded below the strike fault, 
which cuts ihe anticline just below its cr^st. In the La Pa/ field to the 
west of Concepcion, accumulation has laken ])lace in br)th Eocene 
sands and Cretaceous limestones in an elongate anticline shattereil 
along its crest by a scries of longitudinal faults. I'lie deejjest well 
outside the United States was reported drilling below 17.000 feet in 
April, 19.50, in the state of /ulia west of Lake Maracaibre It was 
planned to test tlie Cretaceous limestones in that area. 

'Flic fields so far discovered in the Fahon sid)district to the north¬ 
east of Lake Maracaibo are, with the exception of the Cumarebo field, 
relatively minor accumulations comj)ared with those to the west and 
sjjuthw'cst. One of these, the El Mene ile Acosta fielil,"' has Ijeen 
abandoned. ^J'he oil occurred on ihe south flank of an anticline trun¬ 
cated by erosion. Flach one of the three reservoir sands is lenticular 
and dies out Ijefore reat:hing the erosion surface. Most of the oil in 
the fields of West Iluchivacoahas accumulated where buried un¬ 
conformity surfaces have bec*n warped into fairly sharp anticlines, 
f lapping is due to both anticlinal structure and impounding below 
the unconformity. 

EASTERN VENEZUELA.-^ The present oil fields of the eastern 
Venezuela district lie to the cast of the meridian passing through 
Caracas. T he Orinoco sedimentary basin is bordered on the north in 
Sucre state by the Caribbean Range, the westward extension of the 

10 H. H. Suin', “ri Mnic ilc Ai:»,sl:i rirlcl, Vnipzui-lii." HulL Am. Assoc. Peirnl. 
(iroJ.. Vol. 31 fDecemIjn. U)J7), p|). 219.3-2200. 

-n Ci. AV. Hiilse, "Oil Kitlils uf VVtsI Itiirliiv.itria. VuntziiLla," /lull. Am. Assoc. 
Pcirol. (Ipfil.. \'d 1. .31 (Dncmlicr. 1917), |ip. 2170-2192. 

-o Willard Miller, “The Rclaliniiship of Sinirliirc Co PL'IrDlniin Protliiccicin in 
Kaslcrn Veiicziicla." Ecoji. Gcol., Vnl. 31 fAii^iisl, 19.39), pp. 524-5.36; V. C. Tlliiif^ 
an d H an.s O. Ku)^ln, "Kaslcrn V’nie/ucla anil Iriniilad," Science of Petroleum 
(Oxiord IJniv. Press, 1938). Vol. 1, pp. lOCi-llO. 
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Northern Range oi rrinidatl. The Oriiioio River runs along the 
soiilh side of the basin, and beyond it t*) the soiiili is the Guiana High¬ 
land provinre. Within the basin, the topography varies fioiii fiat in 
the Orinoco delta region lo rolling jdains farther west. 'Fhe basin is 
covered by a thick blanket of IMeistocene and Recent sediineius except 
along the northern edge, where the rertiaiy and Grclareous forinations 
crop out. I’he rocks exposed along the southern border of the basin 
in the banks of the Orinoco River are inetainorpliosed scilinienls and 
intrusive igneous rocks. 

The fields of eastern Vene/iicla fall into about eight dinerent groups. 
The westernmost (Mercedes grou|)) is in noriherii Guarico state. An¬ 
other grou]) of shallow production fields is in eastern (hiarico. In 
An/oategui are two groujjs, the Ofiriiia, near the center of the state, 
and the Anaco grou|) to the north. Moiiagas stale has two groups of 
fields near ihe northern edge of the basin (Santa Ihirbara-|use|)in anil 
Quirii|uire) and another on the same |Kirallel as the Ofiiina group 
but farther east (Teinblador-I'ucupita). Still farther east is the 
Pedernales field at the mouth of the Oriiioio. 

Trty^jping in eastern V\-ne/uela is mostly anticlinal, but in the Quiri- 
(]uire field accttmulatioii has taken place on a monocline, owing in 
part to the up-dip lensing-out of the IMioiene sandstone anil ion- 
glomerate reservoirs and in |Kirt to a strike iaiilt. Eastern Venezuelan 
reservoir rocks arc almost entirely I'crtiary sandstones witli Miocene 
and Miocene-Oligocene formations predominaiing. 

The jjetrolcum geology of both the Oficina and the Anaco grou|)s 
of fields has been described in considerable detail by Hedbcrg, Sass, 
and Funkliouser.-- The San Joaquin field of the Anaco group is 
illustrated (Fig. 4(3) and described in (Chapter H as an examjjle of 
accumulation in a structural dome. I he oldest field in this group is 
the Santa Ana, discovered in 1!137. Five other domes were subse¬ 
quently drilled and found to be jjrodin ti^ e. All six fields are in a 
northeast-southwest line extending for a distance of .^0 miles. The 
southwest domes are mappablc at the surface because of outcrops of 
Middle Miocene inliers surroiinded by Upper Miocene and IMiocene 
rocks. I'o the northeast, however, the structure is hidden by a blanket 

2-H. D. Hcilljcr;;. I„ C. .S:is.s, and H. J. I’unkhinisiT. "Oil Fields dF the Orcaler 
OCiciiia Area, (^cnli.il Aii/ualel'll!, \'eiicziiL*l:i, " Hull. .ini. Assoc. Petrol, (ieol., Vnl. 
.SI (DLTenil)ci, 1917), pp. 20Kg-2Ui9; H. |. Fiinktinuser, L. C. .Sass, and H. U. Hed- 
berg, "Sania Ana, San (rjariuin, Oiiario, and .Santa Ro.sa Oil FicUks (Aiiam r'iclds), 
Ccnlial An/naltgiii, X'uiiczucla," Pull Am. Assoc. Peli'ut. Heol., V'ul. 32 (Octotjcr, 
194B), pp. IH51-1908. 
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of uncrmfonnablc younger sediments. Immediately to the southeasi 
of the row of domes is a parallel zone of thrust faulting. The dip of 
the fault zone is to the northwest; the domes are in the overthnist 
block and may have been formed by drag. Unlike so many Vene¬ 
zuelan liclds, there were no hydrocarbon clues at the surface, such as 
asphalt deposits or oil and gas seeps. Discovery was the result of air- 
photograph study, surface geological reconnaissance, detailed surface 
mapping, and reflection seismograph checking. Accumulation in all 
the Anaco domes is due to structural closure, but sand lenticularity has 
had some control on the distribulion of oil across the anticlines. 

llie Ofu ina fields are also in a region in which seepages are lacking. 
Furthermore, the area is completely covered by a blanket of Quater¬ 
nary and uj)permost Tertiary deposits. The discovery well was started 
in 1933 as a result of torsion balance and seismograph work. Subse- 
(|iicntly, some twenty fields have been developed in this area. Region¬ 
ally, the Greater Oficina district lies on the southern limb of the eastern 
Venezuelan basin, and the dips arc less than 5” tt) the north, with very 
little folding. Trapping has been due largely to the j^resence of nor¬ 
mal strike faults which cut across the regional basinward dip and, 
through their arcuate form assisted by c:ross faults and mild compaction 
folds, impound the oil, which has been migrating southward and up¬ 
ward from the deeper parts of the basin. 1,orally, sand lenticularity 
has also been res])onsible for some oil accumulation. Ihc reservoir 
section lies entirely within the Oficina formation of Oligoccne-Miocene 
age. Sixty-five distinct producing sands have been found within this 
section at depths ranging from *1000 to 7000 feet. As much as 550 
feet of productive sand may be found in a single well. 

Colombia 

During 1949 Colombia (Figs. 1H5-18G) produced 0.9 per cent of the 
world’s oil. It ranks a low second to Venezuela (14 per cent) among 
South American oil-producing countries. The Colombia yield dur¬ 
ing 1949 was slightly more than that of Arkansas for the same period. 

The Infantas field in the Magdalena River valley was discovered in 
1918, but it was not until 1921 that Colombia had its first recorded 

23 J. L. Aiulccsini, " I’d rill L'liiii (^tnlcigv of C'.iiloiiibi;!, South America, " Bull. Am. 
Assoc. Petrol, (if’ii/.. lil) (August, pp. 1005-11 tU; \. R. C^arfias and I’hco- 

dore Chapin, “Cnlonihia and the Mararailio Basin." .VriViirr of Petroleum (Oxford 
Univ. Press, Vol. 1, pp. 111-117: John W. lluiler, Jr., "t.CDlogy of Honda 

District, Coloinhia," Bull. Am. .Assoc. Petrol. OcoL, Vol. 26 (May, 19^2), pp. 793-937. 
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output, and large-scale production did not coinincncc until the com¬ 
pletion oi the lirst pipe line outlet in 192fi. 



Fir;. 1M.5. Culniiiliia. Oil :iiul gas ficlils. 

Oil seeps and asphaltic accumulations are abundant in areas of 
I'crtiary rock uiitirop. Of unusual prominence in Colombia are the 
mud volcanoes, which mark seeps of natural gas.'-^* 

F. Af. Anderson, "Original Source of Oil in Columljia,” Bull. Am. Assoc. Petrol. 
Geol., Vol. 10 (April. 192G), pp. 3H8-389. 
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Colombia is dominated by the three Andes ranges and the plains 
(“Llanos”) to the cast. The three ranges are railed the Cordillera 
Orridental, the Cordillera Central, and Cordillera Oriental. The 
Orridental and Central Andes merge in nfirihern Colombia and ron- 
tiniic northward into Tanama as a single range. The Cordillera 
Oriental splits near the Venezuelan border into two forks, the Sierra 
de Perijo on the left (west) and the Sierra de Merida on the right. 
The Maracaibo basin of western Venezuela, whiih lies within the V 
formed by the two ranges, extends a short distance into eastern Colom¬ 
bia. The Apure basin makes the low plains cast of the inouiUains in 
eastern Colombia. The Bolivar geosyni line lies between the C^or- 
dillcra Oriental and its left-hand fork, the Sierra de Perijo, and the 
Cordillera Central-Occidental. It is occupied in part by the valley of 
the Magdalena River. A fourth sediiiicntury basin overlaps the north 
coast of Colombia, adjacent to the Caribbean. 

Most of the commercial act iimulations of oil in Colombia are anti¬ 
clinal. With few exceptions, these oil-bearing anticlines are consiil- 
erably broken by faults which may control distribution across the 
structures, but the initial trapping has been due to the ])rcsence ol 
an upfold. 

I’he sedimentary section proved to be oil-bearing has an aggregate 
thickness of 2r),()()0 feet. The producing formations range in age from 
Pliocene to Cretaceous. So far the greater jjart of the oil has come 
from Oligotene-Eocene reservoirs. Sandstones ])redominate, but one 
Oligocenc reservoir and the Cretaceous reservoirs are limestones. 

Tectonically, the oil fields of Colombia lie in two districts, the Co¬ 
lombian sector of the Maracaibo basin and the Magdalena River- 
Bolivar geosyncline. No commercial oil de])osits have been found as 
yet in the other two sedimentary areas, the Llanos and the north coast. 
File north coast area did have at one time the Sinu field in western 
Bolivar state, but it has been abandoned. 

The greatest concentration of fields is in the upper Magdalena River 
valley in western Santander, northeastern Antioquia, and southeastern 
Bolivar. In the state of Santander near the right bank of the Magda¬ 
lena are La Cira and the Infantas fields. La Cira is the leading field 
in Colombia in cumulative production, and the Infantas, the dis¬ 
covery field for the country, stands second. The two together have 
produced nearly 84 per cent of the total Colombian output. Cur¬ 
rently, the largest field in annual production is the Casabc, which lies 
across the Magdalena in northeastern Antioquia state. La Cira is a 
close second in current production. 
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The only other concentration of fields is in what is known as the 
J3ano concession alon^^ the Colombian rim of the Maracaibo basin. 
In addition, there are two isolated fields, the Velasquez about 80 miles 
up-river from the Casabe-La Cira group, and, in the opposite direction, 
the Dificil in west central Magdalena slate but still in the Bolivar 
geosyncline. 

Large seeps led to the discovery of Infantas in 1918. The field is 
about 7 miles long and nearly 1 mile wide. It occupies an anticline 



After Anderson [1945) 
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(Fig. 187) w'hicli is overtliriist along the axis. Fourteen cross faults 
divide the anticline into a series of blocks. Fhe nil occurs below the 
lault plane in the inulerthrusL block in Oligoccne and Eocene sand¬ 
stones; the liocene are more inij^ortant in terms of yield. 

riic La Cara aniicline was discovered in 1926 after vertical strata of 
oil-stained sand had been observed in a railroad excavation. 'This was 
the nearest thing to a seepage in the La Cira vicinity. The field is 
now 5 miles long and 4 miles wide; trapping has taken place in a 
relatively wide anticline. This fold is also faulted, but the faults are 
of minor importance compared with those at Infantas. 

Fhe producing structure in the Casabe field on the left bank of 
the Magdalena is more like that at Infantas. It is extensively faulted 
and produces from several different reservoir zones. 

The fields in the Barco concession lie high on the southwest flank 

2B Frank B. Notesicin, Carl W. Hubman, and James W. Bowler, "GeDlogy of the 
Haico Concession, Republic of Colombia. South .Vnierifa,” Bull. Geol. Snc. Am., 
Vol. 55 (imi). pp. 1105-1216. 
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ut the Maracaibo basin. The Tana anticline, previously mentioned 
in the Venezuela discussion, extends about 40 miles into Colombia. 
'File Petrolca held oi Colombia occupies a node along the axis of this 
regional anticline. Fhe closure at Pctrolea is approximately 1000 feet. 
The fold is complexly faulted, and oil and gas seeps arc mmicrnus at 
the surface. A gathering system was installed in 1040 at a seep near 
i’etrolea, and in the first year over 21,000 barrels of 40° oil were 
recovered. Six reservoir zones lying in the Lower Cretaceous and 
lowermost Upper Oetaceous have been discovered in exploiting the 
Petrolca oil held. 

The leading field in current production in tlic llarti) area is the 
Tibu. This field lies immediately to the west of the Venezuelan 
boundary north of the Petrolca field. I rapping at 'Fibii has taken 
place in a large anticline that is separated from the Cira anticline by 
a structtiral depression. According to seismic data, the Fibu anticline 
has a closure on the La Luna limestone at the base of the Upper 
Cretaceous of more than 1100 feet. 

Argentina 

Argentina (Figs. 188-18!!) is the third South American country in 
oil prothtetion, with a yield during 1919 slightly greater than that of 
Trinidad and aniounting to O.fi per cent of the worlil total. Although 
oil seepages have been known in northern and wesiern Argentina for 
many decades, it was not until 1907 that this country became a con¬ 
sistent producer of oil. The first commercial discovery was due to 
an accident; relatively deep drilling during the search for watc^r in 
the village of Comodoro Rivadavia on the east roast of Palagonia 
found oil instead of water, and the development of the Comodoro 
Rivadavia group of oil fields followed. Subsec|uently, oil was dis¬ 
covered in other parts of the country, including the Mendoza and 
Salta areas, where oil seeps are abundant. The most recent activity 
has been at the southernmost tip of South America in Tierra del 
Fuego, where an exploratory w^ll drilled during 1939 struck gas at a 
dejJth of 0300 feet in the Argentine part of the island, and a fi2-barrel 
oil discovery well was reported in October, 1950. 

as Enrique rnssii-MaiiLini. “The Arj;Eiitiiic Rcpiihlii:/’ Science of retrolenrn (Ox¬ 
ford I'niv. Press, 193H). Vol. 1, pp. 120-123; Anon., “Elcmcnls of Ar(>ciiline Ptlro- 
leiim C;criIogy,'’ W orld Petrol., \'ol. 12 fSeplemhcr, 1911), pp. 77-79; John I.. Rich, 
“Oil Possibilities of Soiilh Aincrira in the Light of Regiornil Geology," Bull. Am. 
Assoc. Petrol. Geol., Vol. 29 (May, 194.5), pp. 495-563. 
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The sedimentary basins of Argentina are shown on the map of 
South America (Fig. 178). Northern and northeastern Argentina are 
covered by the great sedimentary basin, the Sub-Andean trough, which 
lies between the easternmost Andes Range and the Brazilian shield. 



f'li;. IHH. Arj^ciiliiia. Oil and jjas liclils. 


A second basin occupies parts of southern Argentina, extending to 
the Atlanlir coast across sags in the Patagonian shield. The oil fields 
lie in three districts, of which one, in northern Argentina, is in the 
Sub-Andean trough. The other two districts are in the southern basin. 
The Mendoza-Neuquen group of fields is in western Argentina. The 
Ciiinodoro Rivadavia district is on the Atlantic coast in the San Jorge 
basin, an easuvard offshoot of the main basin. The Mendoza area is 
unusual in the close association in some helds between oil (both seeps 
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and buried accumulations) and igneous iiiirusions.^’’ In one small 
oil field, the Ccrro Alquitran, the oil accumulation is "intimately 
associated" with andesitic intrusions. Veins oC solid hydrocarbon are 



found in fault fissures which intercept volcanic dikes and plugs in 
this area. 

The government oil agency, the Yacimienios Petroliferos Fiscale 
(YPF), produces about two-thirds of the Argentine oil, and its statistics 
on output have been a state secret since 1948. So far as is known the 

-7 Knriqijc Fossa-Maiiriiii, op. ri(., p. 122; F. H. Lahce, "Oil Seepages and Oil Pro- 
ilucLioii Assnriated wiih Volcanic Plugs in Mendoza Provinces, Argentina." Bull. 
4 m. Assoc. Petrol. GeoL, V'ol. 16 (August, 1932), pp. 819-024. 
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Comodorn Rivadavia |[^oup nf thirteen or more fields is outstanding 
in both runiLilative production and current daily output. This group 
has produced nearly three-fourths of the Argentine total. It also has 
large gas reserves. The Mendoza fields are second, and the Neuquen 
and .Salta fields are approximately tied for third place. However, 
according to available statistics, the San Pedro field in the Salta district 
is currently second only to Comodoro Rivadavia in daily output. 

The reservoir rocks range in age from Tertiary to Devonian. Most 
of the Comodoro Rivadavia oil is obtained from Upper Cretaceous 
sandstones. The San Pedro field produces from Permian reservoirs, 
as do most of the other fields in the Salta district. The reservoirs in 
the Mendoza area arc Triassic in age, and the Neuquen fields produce 
from Jurassic rocks. Except for two of the smaller Salta fields, the 
Argentine reservoir rocks arc sand or sandstone. 

Eossa-Mancini,-'^ in his cla.ssification f)f fault traps in Argentina, 
states that he could find no example of accumulation in simple 
anticlines. He describes the traps at Comodoro Rivadavia as "faulted, 
tabular siriiclures.” Most of the other Argentine fields produce from 
faulted aiuiclincs. The accumulation at San Pedro in the Salta dis¬ 
trict was illustrated and discUsSsed in Chapter 0 (Eig. 34). The surface 
structure of the Tupungato oil field-'* in Mendoza is a dome with a 
faulted west flank, but it becomes complicated at depth by a series 
of low-angle thrust faults. Ihe first production at Tupungato was 
obtained from Pliocene rocks, in which accumulation had taken place 
in fractures. The majfir oil-producing formation at present is an 
upper Triassic series f)f volcanic luffs, but here also the oil appears 
to be stored almost entirely in cracks. 

Peru 

During 194!) Peru (Eigs. 1!)0-1!)1) produced 0.4 per cent of the 
world’s petroleum output. This was a little less than the production 
for the state of Michigan during the same period. Peru noiv ranks 
fifth among .South American countries in oil production, but it was 
the leading country until 1924, when Venezuela forged to the front. 
The exploitation of seep oil in Peru extends back into prehistory. 
Pits where the Incas mined asphalt are abundant at Pta. Parina, north¬ 
western Peru, which is the westernmost point of South .America. These 

28 Op. rit., pp. 122-123. 

Harry 1.. Ralihvin, “'i'upun^alD Oil Field, Mendo/a, Argentina,’' Bull. Am. 
Assoc. Pvirol. Gcal., \'ol. 28 (Ocluher, 1911), pp. 1455-1484. 
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seeps were still being exploited by the Indians when Pizarro landed 
there in 1527. However, the discoveiy' well for Peru was drilled in 
the Zorritos field, another seep area farther north, sometime between 
1B67 and 1873. The first reeorded prodiirtion was in 18B4. The 



La Brea-Parinas field in the Pta. Parina seep area was discovered in 
1889. The Agua Caliente field cast of the Andes was opened up in 
1932. 

Most Peruvian oil still comes from the Pta. Parina area in north¬ 
western Peru. This part of Peru, and the adjacent southwestern 
corner of Ecuador, is coastal plain and is underlain by basin sediments. 
Of relatively minor importance in both current and cumulative pro¬ 
duction is the Agua Caliente field, which is in the Amazon drainage 
basin. It lies in the Sub-Andean trough, an elongate sedimentary 
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basin east of the Andes which extends from southern Colombia across 
Faiador, eastern Peru, central Bolivia, and parts of Paraguay, Argen¬ 
tina, Brazil, and Uruguay (Fig. 178). 7’he Sub-Andean trough is also 
productive much farther to the southeast on both sides of the Bolivia- 



Argeiilina international boundary. Still another area of sedimenta¬ 
tion is the intcriiiontaiie basin, in which Lake Titacaca lies, which 
extends from northw^estcrn Bolivia into southern Peru. For some 
years the Pirin field at the north end of I„ake Titicaca produced oil, 
but it has been abandoned since 1915. 

All the reservoir rocks so far discovered in Peru are sands and sand¬ 
stones. The coastal plain fields produce from Tertiary (mainly Eocene) 
sediments; at Agua Caliente the reservoir is Cretaceous in age. Fault¬ 
ing plays a most important role in the trapping of oil beneath the 
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coastal plain. In some fields the faults cut across pliinji^ing anticlines 
on monoclinal flanks, and in others they cut throufjh anticlinal folds. 
Accumulation at Agua Caliente is in a structural dome. 

Miscellaneous South American Countries 

ECUADOR (Fig. 192).''“ The production of oil in Ecuador during 
1949 was 0.08 per cent of the total output of the v/oi ld for that year. 



This is approximately the equivalent of the oil production of West 
Virginia. All the Ecuadorian oil fields are on Ancon peninsula in 
the southwestern part of the country. So far attempts to find com- 

H. G. Dusk. “Ecuador," Science of Petroleum (Oxford Univ. Pres-s, 19.18), Vol. 1, 
pp. 118-119; KenriLMh D. Darncs, “Eniailor Ha.s Small hiil Lively Inle|;raLed Pc- 
iroleum Industry," Oi7 and Gas Jour.^ Vol. 46 30, 1947), pp. 46-^8. 
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mcrcial deposits in the Sub-Andean sedimentary basin in eastern 
Kcuador around the headwaters of the Amazon have not been sue- 
eessful. 

Parts of three sedimentary basins lie in Ecuador. The Sub-Andean 
trough occupies the eastern half of the country, and the other two 
lie along the coast line. 'Ehe Ancon peninsula is a part of the same 
narrow coastal plain on which lie the oil fields of northwestern Peru. 
Northwestern Ecuador is overlapped by the southern end of the 
Colombian coastal plain. 

The Anedn-Santa Elena peninsula is floored on the south side by 
nearly flat-lying, but nonetheless faulted, Eocene strata and in the 
renter and on the north side by steeply dipping and otherwise much- 
disturbed sediments which have been intruded by basic igneous 
magnias. The largest field in both cumulative and current prf)duction 
is the Anedn-Sta. Elena, w'hich is on the southern side of the peninsula 
in the zone of relatively undisturbed sediments. The second field 
is the Cautivo, lying near the north shore in the zone of intense 
deformation. The reservoirs in both areas are Eocene sandstones, 
but much of the accumulation has taken place in fissures rather than 
in intergranular openings. In the southern part of the peninsula, 
most of the trajiping has been due to impounding by strike faults, 
but the smaller and scattered fields on the north side produce from 
the most fractured of the local fault blocks. 

BOLIVIA (Fig. 19.H). Fhe oil production of Bolivia during 1949 
amounted to apjjroximately 0.02 per cent of the world output. This 
came from ihrce fields in the Sub-Andean trough in southern Bolivia 
immediately to the north of the Salta fields of norlhern Argentina, 
rhe largest is Cainiri, which is also the farthest north. It produces 
from a Devonian sandstone reservoir. The other tw'o fields produce 
from Penno-l'riassic sandstones. In all three fields accumulation has 
lakeii place in elongate aniiclines. Oil seepages are common through¬ 
out this area. 

BRAZIL (Fig. 194).^^ Oil was first found in Brazil in commercial 
amounts in 1939. The initial discovery was in the Bahia district on 
the Atlantic coast, and the six fields that are currently producing lie 

Avelino Igiiacin tie Oliveira, “Brazil Ha.s I'oiii Oil Fields with rwciUv-Fivc 
I'riidiidtig Wells," World Petrol., V^ol. 16 (September, 1915), pp. 7-4-75; Frt>cs Abreii, 
"Brazilian Oil Fidiis and Oil-Sliale Reserves," Bull. .4m. Assoc. Petrol. GeoL, Vul. 33 
(Scpiember, 1919), pp. 1590-1599. 



Miscellaneous South American Countries 553 

within a few miles ol the city of Bahia. They occupy the southern 
corner of a small triangular basin of sedimentation (Fig. 17B) that is 
a re-entrant into the Brazilian pre-Cambrian shield. Three other 
re-entrants, two much larger, lie to the north and northwest. In 



Fin. ].q3. Bulivia index map. 


addition, a bulge of the Sub-Andean trough extends across a part 
of Paraguay into southern Brazil. So far none of the attempts to 
find petroleum in these other basins have been successful. 

The reservoir rocks in the Bahia district are Cretaceous sandstones. 
Trapping has been anticlinal in most fields, but in the largest, the 
Candeias, the oil has been impounded by the up-dip wedging out of 
lenticular sands. In the Lobato-Joanes field immediately to the north 
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of the city of Bahia (Salvador), which was the discovery field for the 
district, oil has been trapped by a strike fault on a monoclinal flank. 

CHILE (Fig. 195).'^2 jj, spite of the fact that Chile has an adequate 
section for commercial hydrocarbon occurrence in only two places, 
each of relatively limited area, it does have one oil field. This is on 



Tierra del Fuego in the Magallanes basin, the southernmost extension 
of the sedimentary trough in which the Comodoro Rivadavia, Neuquen, 
and Mendoza fields of Argentina occur. The Magallanes basin covers 
the northern part of the island of Tierra del Fuego, as well as the 
mainland to the north and northwest. The single oil field, now 
known as Manantiales but formerly called the Spring Hill, lies near 

a- C. R. Thnm»s, “Geology and Petroleum Exploration in Ma^llanes Provinru. 
Chile,” BulL Am. Assoc. Petrol. GeoL, Vol. 33 (September, 1949), pp. 1553-1578: 
C. R. Thomas, "Manantiales Field, Magallanes Province, Chile," ibid., pp. 1579-1589. 



Miscellaneous South American Countries 


555 



Fii;. Chile inilex niiip. 
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the norllicrn tip of the island and the Straits of Magellan. Althoug;h 
it was discovered in 1945, it did not bepn commercial production 
until late 1949, after the completion of a pipeline to the Straits. 
The oil is hi^h gravity, abrmt 42°. It has accumulated in an anticlinal 
trap that was mapped by seismograph surveys. The reservoir rock 
is a sandstone lying near the base r)f the Upper Cretaceous. Out of 
twenty-five wells drilled by late 1949, fifteen were successful oil wells 
and five were gas wells. In addition, one well that struck gas and 
distillate has been drilled on another anticline about 7 miles to the 
north of Manantiales. ^ 


EUROPE 

Many sedimentary basins (Fig. 196) occupy parts of the European 
continent south of the Fennoscandian shield. Most are relatively 
small and as yet unproductive. A notable exception is eastern Europe, 
where the greater part of Rus.sia west of the Ural Mountain front 
is floored by Itasin sediments. The largest basin in western Europe 
lies to the south of the Baltic, extending from the North Sea eastward 
across northern Germany into Polantl. Of considerable iin])ortancc 
as a source of oil is the arcuate sedimentary basin, lying beyond the 
convex front of the C]arpathiaiis, which rovers parts of southern 
Poland, eastern Rumania, and northern Bulgaria. To the w'estward, 
across the Carpathians, is the Central Hungarian basin. Italy, Spain, 
France, and England are also occupied in part by small sedimentary 
basins. 

Ru.s.sia, producing mainly from the southern end of the great 
Russian basin, is the outstanding oil-producing country of the Euro¬ 
pean conlinent. Rumania, the oldest oil-producing country in the 
world, is a poor second, and the eleven other European countries 
together jnodiice but a fraction of 1 per cent of the world's oil 
(Fig. 197). 

General References. L. G. Weeks, “Highlights on 194B Develop¬ 
ments in Foreign Petroleum Fields,” Bull. Am. Assoc. Petrol. Geol., 
Vol. 53 (June, 1949), pp. 1070-1095: Oil and (was Jour., Annual Review 
and Forecast Number, Vol. 4B (Jan. 26, 1950); Oil and (las Jour., 
lTiternatio7ial Number, Vol. 48 (Dec. 22, 1949); World Oil, Interna¬ 
tional Operalions Issue, Vol. 131 (July 15, 1950); Max W. Ball, This 
Fascinatmg Oil Business (Bobbs-Merrill, New York, 1940); O. Stutzer, 
F.rdol (Gebriidcr Bnrntraegcr, Berlin, 1931); H. Stillc and H. Schliiter, 
“European Oil and Gas Occurrences and Their Relationship to Struc- 
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Uiral CondiLions,” Bull. Arn. Assoc. Petrol. Geol.^Vol, 10 (June, 1934), 
pp. 736-745. 

Rumania 

Production statistics are no longer available for Rumania (Fifr. 108), 
but according to estimales, ibc rctcni oil output for this cimntry 

3-‘C;. n. Hobson, “RDUiTiailia," Science of Petroleum (OxTcird Hiiiv. rress, 1938), 
Vnl. 1, pp. 167-171; Ray V. Walters. "Oil Fields ol Ciarpaihian Region," Butt. Am. 
Assoc. Pelrol. GeoL, Vol. 30 fMairli, 1916), pp. 319-336; loncl 1. t^arilesiii, "(ieoloi^y 
of Naliiral Gas in Rouniaiiia," Bull. Am. Assoc. Petrol. GeuL, Vol. 18 (July. 1931), 
pp. 871-H91; S. L. Mason, "Rumanian Oil Fields," Bull. Am. Assoc. Petrol. Ueol., 
Vol. 9 (January-Febriiary. 1925), pp. 11.5-157. 





558 


Oil and Gas Fields—OuUide United States 


am mints to about 0.9 per rent of that of the world. This is rouf^hly 
the equivalent of the prodiirtion of Colombia or Arkansas for 1919. 
The CNjjJoitation of oil deposits in Rumania extends bark many years. 
Oil was produred from dug wells as early as 1650, and in I860 the 
6rst successful oil wells were drilled. Three years later oil was dis¬ 
covered in the Ploesti area, which has lieen the leading source r)! 
western Kiirojiean oil ever since. For some years now the trend in 



Rumanian pToduclion has been downward. No ucav liehls of impor¬ 
tance have been loiinil since 19.^5. A discovery in T ransylvania was 
ie|Jorted in 1!M9. but the importance of this fintl is not yet kiioAvn. 

'Fopographically and structurally, Rumania is dominated by the 
C^aipathian Mountains, which make a great arc to the eastward in 
crossing central Rumania from south to north. On the outside of 
the are is a depressed zone forming the forelands of the Carpathian 
Mountain Range; Avithiii is the Fransylvanian basin. The outer belt 
was a basin of subsidence during the Tertiary, in which 10,000 feet 
or more of sediment was deposited. During the late Tertiary, these 
formations were strongly folded. In addition, salt masses were in¬ 
truded in many places (Fig. 199) into the Tertiary sediments in the late 
Pliocene or early Pleistocene. At least eleven of the many salt cores 
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have been cxp]r)ited Jor sali.*'^ I’lirilierinure, many nl the t)il and gas 
deposits arc associated with the sail inlnisions. 

Gas occurs in the Transyhania basin, and both oil and gas fields 
occur in two districts lying in the outer arc. One of these districts, 
in the province of Walachia south of the Car|)athians, produces most 
of Rumania’s oil. fhe oilier district lies to the east of the Carpathians 
in the provinee of Moldavia. Allhough oil was first exploited in this 
area, the district is now of relatively minor im|)t)riarue. 

"I lit' reservoir rocks of Rumania are sandstones, mostly of Pliocene 
age although some older Tertiary rocks carry oil, especially in Mol¬ 
davia. 

WALACHIA DISTRICT. This district lias been referred to also as 
I he Ploesti, ihe lh ahova, and the southern siih-Carpatliian district. In 
addition to providing the greater part of the Rumanian oil, it also 
jiroduces five-sixths of that lountiy’s gas. lii |)rnceediiig southwaid 
across the disLi id. the intensity of the diastropliism as reflrcted hy the 
oil-l)eariiig slrudiircs decreases loiisiderahly. Close lo the (/.n'|)aLhian 
front the folds are highly lompressed with some ovei ihrusting; fartlier 
south is a /one of salt-cored uplifts, with the salt eiiher at ih(‘ surface 
or at shalhiw tlejith, ami toward the southern edge of the district 
the anticlines, arc simple hut have deep sail cores wliidi have been 
jienetraled in some |jla(es. Trapjjing is aniiclimd exccjil in the /one 
of shallow salt c tires, where the oil net urs toward the lop of the 'Tertiary 
sandstones dragged up on the Hanks of sail iiitnisions. 

MOLDAVIA DISTRICT. "The Moldavia area is sometimes referred 
to as the Hacau district, Hacau heiiig the largest city. "Tectonif ally, the 
district lies in the eastern Carpathian Tlysih zone. This is a regitm 
of intense oveithrusL faulting, with the oil fields conceiiLraied along 
the fault lines. The pettohum tends lo acciimulaie in the structurally 
higher parts of the faulted, dragged, contorted, and even overturned 
and fractured reservoir beds. Oil seepages are fairly common. 

TRANSYLVANIA DISTRICT. Oil seepages occur on the fringes 
of the Transylvanian basin, and most of the marginal hilds have salt 
cores, 'rite gas fields lie closer to the center of the basin, but the anti¬ 
clinal traps in whicli ilie gas has ac t uniulaled also are assumed to have 
salt cores at depth. The reservoirs are Miocene sandstones. This 
district produces about one-sixth of the annual Rumanian gas output. 

T. I*. Xoilrsii, '‘C^fnln^v (il llii! Sail IJiimLvs in itie C'.ir|):illiiari Region of Riiii- 
inaiiia," Bull. .'Irn. ,4.ssijc. Petrol. Geol., Vol. 9 (.Novemher, l!r2r>), p. 11G5. 
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Union of Soviet Socialist Republics 

Although produi tinn figures for Russia (Figs. 200-202) are no longer 
available, it is estimated that the oil fields of Soviet Euni|je and Soviet 
Asia produced about lA per cent of the world output during 1949. 
This is less than the yield of California (9.8 per cent) for the same 
period. At one time Russia led the world in pctroleiAii prorlurtinn, 

•Ts F. Jiiliii.s Fnlis, "Pclriilifcroii.s I’loviiiiL'.s of Union of Soviet Socialist Republics,” 
Hull. .-IrM. ."IsACJr. Petrol. OrW., Vol. 52 (March, 1!MK). pp. aiz-S.^iO; Ci. D. Hobson, 
■'l-.S.S.R.. ' .S'rif’rirr of Petroleum (Oxford Univ. Press. 1.938), Vol. 1, pp. I(i5-166: 
I. M. (voiibkin, "I'cctonics of Soul beast L*rn Uaiirasus anil li.s Relation to the Pro- 
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A/kr Vuileali (/A25I 

I'H;. 19n&. Riiiimnia. l*rini'i|jal leiionic rcaliiic.s. f-fiM?/rsv .'Ifnrrirati Associnlioji 
f}f Pvtrolfum 


and for many years it was second only lo the United States. Recently, 
however, this area has produced but little more than half as much oil 
as Venezuela. 

Early exploration for oil and gas was aided greatly by the presence 
of oil seeps, asphalt deposits, gas seeps, and mud volcanoes, especially 
on the Apsheron Peninsula which juts into the Caspian at Baku, else¬ 
where in the Caucasian region, and in the Ferghana basin in Asiatic 
Russia. Ignited gas seeps gave rise to the cult of fire worship, and 

iIuctivE Oil Fields," Bull. Am. Assoc. Petrol. Geol., Vol. 18 (May, 19.^^), pp. 603-671; 
Charles Bohdanowicz, “Naiural Gas Occurrences in Russia (^J..S.^S.R.),’’ Bull. Am. 
Assoc. Petrol. Geol., Vol. 18 (June, 1934), pp. 746-759. 
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Li'inples built lor this purpose on Apsheron Peninsula date from an- 
dcnt times. Far back in history, seep oil was obtained from hand 
du^ pits. The first sueeessful drilled well was bored in this area in 
IH7I, and exploitation of oil deposits by means of wells has larj^cly, 
but not entirely, sup])laiited jjnMlurtion from surface pits. After the 
initial discoveries in Ult; ll^kvi area, the industry s|)read westward the 



length of the Ciaucasus bell, norlliward nearly to the An lie, and easi 
across the C’.aspian lo the Ferghana area. Ihe occurrence of oil on 
Sakhalin Island in the Pac ific Av ill be disc iissed sid)sei[ueiitly. With 
the decline of the C'/aucasiaii (ielcis, the trench in recent years has been 
lo intensify exploration for new fields in the Palco/oir reef limestones 
of the Ural-\'ol|*a district. 

Most of Euro|jean Russia is occupied by sedimentary basins. An 
exception is the west side, where the Fennoscandian shield extends 
from the Arctic to northern Ukraine. Extending eastward into south 
central Russia from the southern end of the Fennoscandian shield is 
the V^or onezh block. Crossing the Ukrainian basin parallel to the 
\'orone/li block is the PudoHan block, another jjositive feature. Also 
the grealer part of the land area between the (Tinica and the Caspian 





36 .^ 


Union of Stiviel Suciulisi Republics 

is Dcciipieil by the eust-wesL (^aiiiasian Ran^e oi loldeil Pak'D/oii and 
yoiinger sediments. North ol the C/aspiaii, and separating European 
Russia from Asiatic Russia, is still another positive leature, the Ural 
Mountains. 1 he sedimentary basins of western Asiatic Russia are 
bordered by the Karaganda hlock, east of I he southern end of the 



Urals, and by the Tarim shield, wliidi lies atioss wesiermimsi China 
and eastern Afghanistan. 

The major liasin of European Russia covers all that i:ountry belw'eeii 
the Urals and the Feinioscaiidian shield except for the Voronezh and 
Podolian blocks, the Caucasus Range, and some lesser ranges in the 
northern jjart cjI the country. Western Asiatic Russia east ol the 
Urals is covered by a major basin, except lor the Karaganda block 
and the Tarim shield and scmie mountain oflshoots of these positive 
tectonic features. The western Asiatic basin connects with the Russian 
basin south of the Urals. 
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Local basins occur either within the major basins or as tongues 
extending outward from these basins. Examples of the first type are 
the Moscow, Pechr)ra, and east Russian basins in the northern part 



of European Russia. The south Russian, or Ukrainian, basin is a 
tongue extending westward from southern Russia between the Voro- 
nc/h and Podolian blocks. The elongate Ruban basin or synrline 
trends eastward from Crimea on the north shore of the Black Sea 

3i> Anhui H. Reilhehl, "The reli'Dlcum Resomces of Russia," JJull. /Issoc. 
Pc/rul. Gcu/.. VdI. 11 (May, 1927), pp. 493-513. 




Union of Soviet Socialist Republics 565 

along the north flank ol the Caurasiis to the Cas| 3 ian and beyond into 
southwestern Asiatic Russia. At the eastern end of this depressed zone 
are the I'crghana and l\irkmen tongues. South ol the Caucasus in 
the province of Georgia and on the Apsheron Peninsula is the Kura 
River-Baku basin. Between the north end of the Caspian and the 
south end ol the Urals is Russia’s largest salt basin, the Einba.'*^ Salt 
domes are also known, but with a lesser development, in the Ukraine 
basin and on the Arctic coast of Siberia. 

Geographically and tectonically, the Russian oil nelds ran be sep¬ 
arated into seven major districts (Fig. 21)0). Fhese are, first and fore¬ 
most, the Caucasian district, which includes all the lields lietween the 
Caspian and the Crimea on both sides of the Caucasus Range; the 
C^arpathian district, ar(|uiieil from Ihilaiui at the end of World W^ir 
IT; the traiis-C^aspian ilistrict of Asiatic Ri.sKia: the Ukraine; the Emba 
salt basin; eastern Russia; and northern Russia. Before AV^)ild War 
II, the (.laucasian ilistrict j)rnduied over 00 per cent of Russia's oil. 
Ihe leading held outside this district was the Isheinbayevo in eastern 
Russia, which annually accounied for about -1 per cent of the Russian 
production. During and since the wai, the Caucasian production has 
decreased sigiiificantly. This was in jrart compensated by the ai (piisi- 
tion of the rich Boryslaw and other fields in sul)-(iar|jathian Poland. 
Also there has l)een an iniiease in production since the war in the 
Ural-Vfilga areas in eastern Russia and in some of ihe fields in the 
trans-Ciaspian dislrict. 

CAUCASIAN DISTRICT. The Cauijasiun dcstriet tout a ins at least 
six producing areas. The greatest of these is Baku, on the Apsheron 
Peninsula, whidi extends out into the Casjjian beyond the western 
terminus of tlie Caucasus Mountains. Proceeding counterclockwise 
around the Caucasus mountain core arc, on the north side, the Daghes¬ 
tan, Grozny, Maikop, and Kiihaii-Criinea an‘as. Between the Black 
Sea and the Caspian, south r)f the Cainasiis, are the Balum, Tiflis, 
and Durov Dag areas. The 90 per cent of the Russian production 
from the Caucasus district before Worhl War II came mainly from 
three areas, Baku (7,5 per cent), Grozny (10 |jer cent), and Maikop (5 
])cr cent). 

The reservoir rocks in the Caucasian district are mainly Pliocene 
sands at Baku, IMioccne-Miocene sands in the south Cautasuii areas, 
Miocene at Grozny, and Miocene-Oligoi;ene at Daghestan, Maikop, 

C. W. .Saiiilcrs, "Kmba .Sall-Dnnii* Region, l\S..S.R., and Some Comparisons with 
Other Sali-Dunie Regions," Butt. Am. Assoc. Petrol. Geol., Vol. 23 (April, 1939), 
pp. 492-.516. 
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and in the Kuhaii-Grimea area. The Tertiary basins siinrniinding^ the 
Caucasus Ran^e have been subjected to severe diastropliic activity dur¬ 
ing and since the clej3osition of the later I'ertiary sediments. In ad¬ 
dition to overturned folds and overthrust faults, this belt contains 
diapiric folds in which the cores have flowed upward under pressure. 
This is the "piercing core" type of structure, which is common in sail 
basins but fairly rare in clastic rock areas such as Caucasia. 

With the exception of the fields in the Maikop area, trapping in 
the Caucasus dist ri ct has been antidinal, as a general rule. Accumii- 
lation has taken place in the internally rujjtiired diapiric anticlines, 
in faulted aiiLiclines, and, in less disturbed areas, in normal anticlines 
and domes. 'J'he prolific Haku district contains accumulations of all 
three types. In this area, which has been the mainstay of Ru.ssian 
produc tion fcjr many decades, the more shallow sands are approaching 
exhauslion, necessitating the exploration and development of reser¬ 
voirs as deep as 9000 feel. 

riic regional structure in the Maikop district is nionoclinal, and 
the oil has been trapped in sand lenses beneath unconformities. The 
richest accimiulations occur where post-Middlc Oligoceiie erosion 
carved valleys in the Lower and Middle Oligocene strata, which subse- 
c|uei]tly were filled with gravels and coarse sand of the basal Maikop 
(upper Oligocene and lower Miocc'iie) formations. Thick deposits of 
these ccrarse valley-filling elastics yield prolific cpiantities of oil. 

OTHER DISTRICTS. I he recently ac:c|uired fields in the Car- 
pa diian district are described under the sec lion on Poland. The trans- 
Caspian district includes three oil-producing areas. On the eastern 
shore of the Cas[3ian Sea is the l inkmen group of helds, in which the 
oil is obtained from Pliocene sandstone reservoirs where they have been 
folded into anticlines. rrap|)ing is also anticlinal at the west side of 
the district in the Khaudag and Fergana areas. Oligocene reservoirs 
])roducc in the Rhaiidag district and Eoc:ene reservoirs in the mcjre 
important Fergana area. Oil production to date in the Ukraine 
fields has been relatively insignificant. Accumulation has taken place 
owing to the presence of salt domes in reservoir rocks of Mesozoic 
age. Endia, at the north end of the C'.aspian, is a much more im- 
])ortant salt dome district. Here ihe reservoir rocks are Jurassic. 

File eastern Ru.ssiaTi district extends from the Sarattw area, which 
has Pliocene production, westward through the Volga region to the 
Ural area. The Volga and LIral fields produce from Permian car¬ 
bonate rock reefs. Fliis distric t appears to be the most active at the 
present time. The fields i)f the northern Russian district are small. 
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They occur in two areas, the Kama and, still iarihcr north, the 
Pechora. Trapping is antiiliiial. The reservoir roiks are Permian 
and Carboniferous at Kama, and Devonian at Pechora. 

Miscellaneous European Countries 

GERMANY (Fig. 203).The production of oil in (>ermany during 
1949 amouiUud to uboiu O.Hi per cmlof the world production. I his 
was slightly more than that of New York state Im the same j)eriod. 



Although oil has been produced in Cieniiaiiy since IHfiO, the great¬ 
est activity has taken place since 1935. Bciween that year and 1945, 
mainly because of Germany’s dcsjjeraie neeil hn' additional oil sup¬ 
plies, twcnty-eiglil, new fields were discn\ eretl. Disc overies have ccjii- 
tinued since the war; during 1949 nine new liehls or field extensions 
were discovered, and the jjroclin tioii was greatei than it had been in 
the preceding year. While the war was in progress, three small fields 
were found along the Dutch border in the Fmsland area. Additional 
discoveries have been made there since, and the greater part of the 
current German reserve is credited to the Enisland district. Two of 

as S. E. CoDinber, ‘'Geniiaiiy," nf Pt'lrtflnitn fOxInril Univ. Press, Ifl.HH). 

Vol. 1, pp. 184-1HH: Frank Reeves, “Sialiis of (German Oil FieJtls,” Bull. Ain. .4.v.swr. 
Petrol. Geol.j VdI. 30 (Sepicnilier, 104fi), pp. iri4fi-1.584; W. A. ). M. van Watcr- 
schnot van der C^racht, "Ofriirrence and rrodiirlinn nl I’etmleiirn in Germany,” 
liult. Am. Assoc. Petrol, deal.. Viil. Ifi fNovenibci, 13.32). pp. 1144-1 ITil; H. Stillc 
and H. Sehliiier, “Natural Ga.s OiniiTcnics uf Cierrnariy," Bull. Am. Assoc. Petrol. 
Geol., Vol. 18 fjunc. 1334), pp. 713-735. 
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liie distuveries iiwle in 1949 were deep antirlinal accumulations in 
rhf* nld Hanno ver district, where practically all the oil lound hereto¬ 
fore has been in pierccrueiU-type salt domes. The present trend is 
toward exploration beyond the boundaries of the salt-dome area, as 
at Emsland, and within the salt basin for non-piercement structures 
suih as those recently discovered. The search h)r new deposits in¬ 
volves extensive seismic and other geophysical surveys, as well as core 
drilling and intensive geological studies. 

Parts of three sedimentary basins extend into German territory, and 
a fourth, the Permian salt basin of 'riiuringia, is entirely within 
Germany. One basin, lying to the north of the Alps in southern 
Havaria, lias noi jjroduced any commercial oil as yet. Another, the 
Rhine graben, has produced a little oil, especially at Pechelbronn, 
whii:h is now on tlie French side of the boundary. One held in the 
riiuringia basin, discovered while salt was being mined, has produced 
a little oil. With these minor exceptions, all the German oil is ob¬ 
tained from beneath the north German plain. Reeves groups the 
fields inlt) the following dislricts: Schleswig-Holstein, Oldenburg, west 
Hannover, north Hannover, and central Hannover. Formerly, more 
than four-fifths of the German oil came from three Reids, Nienhagen 
and Wiet/e, in central Hannover, and Reitbrook, in the north Han¬ 
nover district. During recent months, the Emsland area, which is in 
the west Hannover district, has produced over 25 per cent of the 
German output. 

Practically all the older German production came from Lower Grc- 
taceoLis and Jurassic formations on the flanks of salt strin tiircs.""’ 1 he 
actual trapping has been due to the sealing of. the dragged up reservoir 
beds by unconformities and faults. In addition to supplying most 
of Germany’s oil for many years, the salt domes which underlie the 
Haniburg-Hannoverian plain have been the world's chief source of 
potash and have alsn furnished a large volume of salt. 

The Emsland Reids, on both sides of the German-Dutch border, 
appear to be beyond the /one of salt intrusives, and accumulation there 
has taken place largely in .simple anticlinal folds, but in one recently 
discovered Reid, the Scheerhorn, aixumulation is credited to a 
stratigraphic tiap.^^ The oil in the Emsland district is obtained from 

Frank Reeves. “Sialiis of Cernian Oil Fielils." Hull. Am. Assor. Petrol. (',rol., 
\ i)l 30 (Sc|jiL‘niliEr, p. ITilG. 

■1“ Lcslcr S. I'lioinpsDii. "Sail Duines Arc Source for Alinnsl Entire Cicrrnaii Oil 
ProiliiLlioii," Oil and (ins Jour., Vol. 47 (Fell. 17, 1!)ID), pp. 7S-S0. 

'‘lAnon., "rickiip in Cierniaiiy,” Oil mid Gas Jour., Vol. 49 (.Vtav 11. 1950), pp. 
56-57. 
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a I.ower Cretareniis sanclsioiic, and ^i*as is derived from a Permian dolo¬ 
mite sonic 2000 feet deeper. 

FRANCE (1^1^. 107).'- The two priiiripal scdiiiieniary basins in 
France arc the Paris basin in northern Frame and ihe Acpiilaine 
basin in the southwestern corner of the icnintry. The Rhine ^raben, 
a long, narrow trough of scdiiiientation, extends into northeastern 
France Iroiii Cierniany. Other small basins lie in southeastern France, 
especially iinniediatcly to the east of the Central Massif. 

Most of the French oil comes from one lielcl. Pechelhroiin.*-' This 
field lies in the Rhine giahen ami has hi*en operated under the German 
Hag as well as under the French. The heginning of > xjdoitation of 
Pechelbronn is dated dillercntly by dillerent historians, ranging from 
1 H)8 to 181 y. Apjjaienily systematic exploitalirni did not hegiii until 
1735, and the first well was drilled in 1813. However, up until 1882 
all drilling was fr)r the |jurpose of exploring the ri\ser\ oii ahead of 
underground devclopincni, and even as late as KM8, 11 per cent of the 
Pechclhrunn outpiiL was still coming from iindeigioiiiul galleries. 
Most of the oil has been obtained from Oligocene sands, l)iii deeper 
pays of Jurassic and Tiiassic age have also been loiincl. During late 
KM9 a well rated at (iOO barrels daily, nearly iwo-ihircls as much as the* 
entire normal Pechelbronn ijroduclion, was cimipleied within the 
hoiindaries of the field in deep, higlily cavernous, rriassii carhonate 
rock." The sedimentary layers in the Rhine giaben at Peihelbronn 
are cul by many faults, and iliese appear to he iesiioiisihle for most 
of the trapping, altiiough sand leiiticularity may also he a fac tor in 
aLcumulation in the Oligocene reservoirs. 

Considerable gas and a little oil are obtained from the Saint Marcet 
Held in the At|uiLaine basin of southwLstc:rii Fraiu e immediately ncjrth 
of the Pyrenees. 'Fliis Held lies ii])on an anticline wliith is simple in 
the surface rocks but which dcvelojw iiiiu a highly clisiurbcd diapiric 

42D;iiiiul .SLhiiec*^;iiis, “Ua.s IlL-ariii;^ Slrutiiiit.s in SinilliL'iii I raiitLs" Hull. Aju. 
Assoc. Petroi. HvoL, \'nl. fl t-ln iiai y, J‘MH). |j|i. 11IH-2I 1; A. |. Fanllcy, “J*L‘lrn1eiini 
Cicolo^v ol AiiiiilaiiiL- Ilasin, I rami-." /^^//. Atu. Assm. Pr/)uf. {mvoI., Vf)l. .SO flle- 
rciiilici. MMfi), pp. 1517“!') Ifi; .Slaiii.sliiv ZiiliiT, "I ranee,” Srivure of Pefrolniw fOx- 
foid Univ. Pres.s, 19SH), Vol. 1, pp. 193-1 Ori; l ieilLTitk (;. Clapp, ‘‘Oil anil (jas l*os.si 
bililies ot IraiiLt,” Bull. Aw. Assoc. Petrol, i.eol., Vnl. Hi (Noveinbei, 1932), pp. 
1092-11 13. 

Rene .ScliiiaL-liele et al.. ‘■Mfiiinc'iapbie (ienlo^iiiuu ilu iliaiii]) pi-irulili-ic ile 
Pechelbronn,’' Mrinoiies du Service de In (Ante (ieolot^iffue r/’ Alsace el de Lorraine, 
No. 7 (1.94H), reviewed Ijv H. de Ci/anmurl, Bull. .dm. Assoc. Petrol. (ieoL, Vol. 3^ 
(March, 1950), pp. 457-'l.')H. 

♦4 Ancin., “French Disaneiv Well Tcsls .Six Hundred llarrcis Daily,” Oil and Gas 
Jour., Vol. 48 fNov. 3. 1949). p. 50. 
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Inltl at depth. Trapping is anticlinal. Gas aiiulensatc is prodiiceil 
IroiTi an Upper Cretaceous breccia or conglomerate, but the principal 
reservoir rock is a Middle Jurassic dolomite. Tf) the eastward, a 
short distance inshore from the Mediterranean, is the Gabian field, 
discovered in H)45 and virtually abandoned in 1949. 

POLAND (Fig. 197).^'’* The same sedimentary basin that occupies 
the convex side of the Carpathian arc in Rumania continues for 200 
miles in a westerly direction across southern Poland. Similarly, the /one 
of highly disturbed rock next to the Carpathian front contain.s numerous 
oil seepages which were exjjloited by dug pits for many centuries be¬ 
fore the drilling of the first oil well. Pre-w'ar Poland conlaiiied three 
oil districts in this elongate basin of sedimentation. These are, from 
easl to west, the Bitkow, Boryslaw, and Jaslo-Krosno. The middle 
distrif t, Boryslaw. was by far the largest both in cumulative and cur¬ 
rent production. At the tlose of World War 11. eastern Poland, 
including both the Bitkow^ and Boryslaw districts, was incorporated 
into Soviet Russia. 'Phis shift in the international boundary took 
with it 75 f)er cent cd' the Polish oil production. 

llie Bitkow and Boryslaw districts are in the Flysch zone of strongly 
thrust-faulted and highly distinbed strata. In this area are three over¬ 
thrust .sheets, one abo\ e the other, and oil is found in each one, chiellv 
in ()lig()cene formations. In the Boryslaw district Eocene and Cac¬ 
taceous sandstones are also productive. "Fhe tra])piiig is aiititlinal, 
blit the structure is so complicated that it is a considerable feat to lo¬ 
cate a well at the surface that will be structurally high at the reservoii 
level. For cxam|dc, in ilrilling through the overturned folds in one 
section of the Boryslaw field, “wells passed through, from top down. 
Upper Cretaceous, Lower Oetaceous, Eocene, Upper Cretaceous, 
Lower Caetaceous, Mio-Oligocene, and finally lower Oligoecne.” 
The Jaslo-Krosno district, the only one remaining in Poland, is west 

*5 Weliliiii Hill, "New l ielil in Fraiire Hciiif; l)L*> L*li)iJnl," Oil Wtrkly, Veil. 117 
(Mav ‘JS, Ull.'i), pp. ‘Iti-lK. 

“'ll R:i\ r. Wallers, "Oil Fiehls of t'.arpalliian Rc^^ion." Hull. .im. As.sor. Petrol. 
tipo/., \’nl. ;10 (.Maieli, iPlfi). pp. .Iin-.l.'lti; Hiif'o Hiirsliii, "I’olisli Oil liirliisirv- 
l oilay's PiKsition, Toinnriow's l*itispeils,” (HI ntid Cn.s Jour., Vnl. 1C (Ian. 1. 191H), 
pp. iiC el svfj.: S. K. Coiiiiilier. ‘ Tnlaiul." Scinirc of Pt ttolvuui (Oxlincl ITniv. Pre.ss, 
lil38). Vol. 1. pp. 177-1 S3: K. riilwiiiski. ‘ Naiinal Cias in rnlanil, ' Hull. ,1m. .l.v.vor. 
Petrol. Cweol., Vol. IS (Jiilv, l!)3l). pp. Sn2-nn7; Chaiics lliihdannwirz. “GcoIdrv mnl 
Miiiinj; ul' Peiroleiiin in pDlanil." Hull. Am. Assor. Petrol, (irri/., \'ol. 1C (\D\einhcr, 
1932), pp. 10C1-1()91; Henry de Ci/aiiiiniri. "Oeijlt>»y of Oil Fields of Polish Car¬ 
pal Ilian Moiiiilains." Hull. .Jm. Petrol. Geol., Vol. 15 (^fanuarv, 1.9.31), pj). 

Ml. 

Ray P. Wallers, op. cit., p. 325. 
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1)1 the Flysch zone, and acniniulation has taken place there in the 
more normal type of anticline. I'hese lielils are relatively small, how¬ 
ever. 

OTHER COUNTRIES (Fig. 197). Although there have been 
sporadic attempts to find oil in Grvnt Britain lor some time, the first 
consistent production was obtained in 19-19, Avhen oil was discovr ri d in 
the Midlands in Nottinghamshire, hy \[)\A llriiain hail more than 
200 producing wells, mostly in the Eakring-Diikeswooil field north ol 
Nottingham but also in two other fields in the Midlands and one at 
Forinby near Liverpool. These fields are all in the w^estern end ol 
the same sedimentary basin that produces in nonhern Germany and 
Holland. Another and much narrower basin crosses southern Scot¬ 
land; one field W'as discovered there, but it is no longer productive. 
\ third basin that crosses southernmost England contains no oil fields 
as yet discovered. T he Nottinghamshire fields produce from faulted 
domes. The reservoir rocks are mainly Caibonilerous sandstones. No 
new' discoveries have been made since 1913, and although ])rocluction 
is declining, it is being maintained to some extent by artificial water 
drive. 

Tlte N fit her lands (Fig. 203),^” entered the |)roclucing column in 
1943 with the discovery of the Schoonebeek field on the Dutch side* 
ol the Emsland district of nortluvestern GcTiiiaiiy. As of Deternber, 
1949, this field had seventy-niiie |)umping wells and was producing 
nearly 12,900 barrels daily liom a l.owei Cactaceous sandstone at a 
depth of about 2r)00 feet. I bis is currently the largest held in wcfstern 
Europe. Flie trapj)ing is anticlinal. .According to a recent rej)ort, 
another Emsland field, the Ruehlertw'ist-Ruehlernioor, has been ex¬ 
tended into Dutch territory by a sucaissful oiitjjost well.*" 

I’he impetus of approaching w'ar, and the war itself, led to extensive 
exploration in the Vienna basin ol Austria, with the result that abejut 
eight fields were discovered between I!I3H and 1911; it is reported that 
(he Ru.ssians found two additional fields during 1919. Actumulation 
has taken place in faulted anticlines and buried hills. All the reser¬ 
voir beds are sands and sandstones ol Miocene age. 'Fhe Vienna sedi- 

H. R. Lovely, “Ciciilogical Otruneiiic ol Oil in Uiiilcit Kingcloin with Refer- 
Eiice Id Presenl KxpluialDiy Opcralioiis,'' Hull. Am. As.snr. Prtrr)l. (ieol., Vol. 30 
(Seplember, 1946), pp. 1444-1516. 

\\'. rh. B. Rcimcring, ‘‘.Sdicioiicljeek, WcsIlmii Kui(jpL-.s l.aiKesi fielil, Now 
ProdiiL'iiig 11,300 Barrels Daily,” Oil and Ga.s Jour., Vol. 48 (jiinc 2, 1949), pp. 112 
el setf. 

5“ .\noii., “OuLpDSC Exleiuls \ew Cierman fielil iiilo Diicch Terriloiy," Oil and 
Gas Jour., Vol. 4ft (Ocl. 27, 1949), p. .50. 
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iiientary basin extends northward into rentral CzrrhfJslovaUirj/'^ and 
two small fields have been developed on the C/ceh side of the border. 

The Pannonian depression, a sedimentary basin of considerable si/e, 
occupies much of Hungary and northern Yugoslavia. The oil fields 
found in this basin are lar^^ely concentrated in southwestern Hungary 
and in the neighboring border zone of Yugoslavia. The largest field 
is the Lovaszi in Hungary. Trapping in this district is in anticlines, 
and the principal reservoir rock is a Pliocene sandstone. 

Albania-'- has had small oil production since 19.^.4 from fields in 
the vicinity of Devoli and Pahtoso. Accumulation has taken plan* 
in folded Tertiary reservoirs. A sedimentary basin occupies the Po 
valley and the Adriatic coast of Haly.-'^ 1 he upper Po valley conlains 
four producing oil fields, of which the oldest and largest, the Valaezza, 
was discovered in 190!). 'J he principal ic*ser\ oir rock is an Oligoiene 
sandstone. Considerable gas is also produced in the iip|K‘r Po valley, 
but more than half of Italy’s gas conies from the lower end of the 
valley, where the Quaternary deposits in which the dry gas reservoirs 
occur reach great thickness. Exploration for additional deposits in 
the Po valley has been active in recent years. 

ASIA 

Ihe sedimenlary basins \rhich cover niuih of Asia are shown in 
Fig. 201. The largest basin is bordered on the west by the llrals. 
It covers most of westei ii Siberia north of Outer Mongolia. The oil 
fields so far disco\ered in this basin are near the southwestern corner 
in the trans-Caspiaii area. Allhough in .Asia, the trans-Caspian district 
is a continuation of the (/.iticasus district and was discussed briefly with 
the fields of European Rtis.sia. Phe second largest basin in Asia ex 
tends from the Mediterranean to the Arabian .Sea through Syria, Iraij. 
western Iran, and eastern Saudi Araliia. I'he Persian Gulf lies within 
this sedimentary basin. Other basins occur to the east clear to the 
Pacific, esjjecially in India, China, and Manchuria. Phe islands in 
the western 1’acific off the Asiatic mainland are occupied by setli 

f'l .Siniiisl'.iv Zuber. “C./cihiislovakia," S’ririire of Prtrnlcuw (Oxford IJniv. Press, 
Ifl'lH). \'ol. 1, |jp. I75-I7fi. 

R- .Slaiiisbiv /.idiL'r, "AllKinia," .^rrrnrc of Petrolcuvi (Oxford Ibiiv. Prcs.s, 193H). 
\'ol. 1, pp. 172-174. 

Dahl M. Dulf, “.Slate Coiii|Kiiiy Sets up Development Program for Upper Po 
\'allcv Area," 0/7 (lud Cwns Jour., V'ol. 4R (.Scpl. 1, 1919), pp. 3r)-.31; George O. Ives, 
“Po Valiev Gas ^'ilal to llal>'s Fuel Eronomy," fFor/d Oil, Vol. 12R (January, 1949), 

pp. 200-2(11. 
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nieiiLary basins only here anti there around the shores. An exception 
is Sakhalin, the gieater part of ivliirh is underlain by basin sediinenis. 



In terms of past producLion, and excluding the Russian fields of 
the trans-Caspian and Sakhalin for wliidi statistics arc not available, 
over 99 per cent of Asia's oil comes from the sedimentary basin of 
the Middle East (Figs. 205-207) and especially from fields lying within 
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!iauili Arabia fields 

1. l):iiniii:iii nil lii'lil. 

2. Qiilir nil lii'lil. 

Aim Hiiilriyj nil lirlil. 
I, Ain Dill' nil lii'lil. 

Ti. Diikliaii nil lii'lil. 
li, Hahri'in nil lii'lil. 

7. IUir|;h:in nil lirlil. 

Fii'lds in Turkey 

IH. Raimiiula^ nil lii-lil. 

Fields in Iraq 
S, kii'kiik nil held. 

Ain Zalah nil lielil. 

10. Nalir I'111 I nil held. 

II. Qaiyarali nil held. 


Miilille Ktisi iiiilex ina|j. 

Fields in Egypt 

1!), Ras Cii'iii.sa nil lielil. 

20, Asl oil lielil. 

21, Rasinaiainia nil held. 

22, Wadi I'eiraii nil held. 

2 : 1 . Ras Charili nil held. 

21, Hurghaila nil held. 

25. Siidi oil held. 

Fields in Iran 

12. Xaft-i-.Sliali oil held. 

I.i. Lali oil held. 

1*1. Masjiil-i Siilainian nil held. 
15. Halt Kel oil held. 

11), .Agha Jari oil held. 

17, Ciach Saran oil held. 
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a lew miles of the Persian Gull anti from islands oiil in the Gulf. T he 
jnoduiinR countries of the Middle Kast are, in [lecreasin^r rnder ol 
output for UM9, Iran, Saudi Arabia, Kuwait, Iraq, and Rahrcin. I'o 
this list shortly will be added Qatar, "rhe remainin^ 1 per cent of 
the non-Soviet Asiatic production is scattered anuing India, Pakistan. 
Rurma, China, and [aj^an. 

General References. L. G. Weeks, "Hi|;hli|[»[hls on 1‘Hrt Develop¬ 
ments in Foreif^n Petroleum Fields," Bvll. Am. Assnr. Prtrol. Geo/., 
V'^ol. .S3 (Jiine, UH9), pj). 110.3-111.^); 0*7 rmrV (h/.v /oi/r.. Afninal Rr- 
xncw and Forrrn.d Nninhrr, Vol. 18 (Jan. 2i\, ID.^iO); 0*7 and (was Jour., 
Annual Jjitf'rnntinnfil A'7/o?/;f?r, Vol. 4H (Dec. ‘^2. HUM); World Oil, 
fniernniinnal Oprration.s f.Ksur, Vrd. 131 (July 13, l!l.30), Arahinn- 
Arnn iran Oil Cfnnpnny, \nnrnifny of At iridic Ensl Oil Dnitdolffucnls, 
2nd. ed. (ID-IH): Pctrolr^nm Tinuw, Rnixiv of Middle East Oil (June. 
H)48). 

Saudi Arabia 

riie discovery well for Saudi .\rabia was the well that discovered 
the Damman held in 1{)38. EleNcn years later Saudi Arabia was jiro 
dining over 5 per cent of the world’s annual oil output. 7'his was a 
little less than the Louisiana ])roduction; it was also consiilerably less 
than Saudi Arabia can produce as soon as more facilities for transpor¬ 
tation to market become available. 4'wo new lielcls were discovered 
durin|i> HHf), and exploration is continuing both on land and in the 
shoal areas offshore. 

Western and central Saudi Arabia is an ujjlift area with /granite 
and other pre-(^andii iaii crystalline rocks at the surfac e. Kastern 
Arabia, from the Iracj border to the Indian Ocean, is a jjart of the 
^;reat Middle East sedimentary basin in which Meso/ic: limestones, 
which are now oil-bearing, were dejjcjsited in considerable thickness. 
This basin was continually .sinking* from the Permian through the 
Cretaceous. 

The seven pools so far cliscewered in Saudi Arabia lie on the eastern 
coastal plain within a few miles ol the shoreline of the southern 
Persian Gulf. Four of the jK)tds were shut in during 1949, awaiting 
pipe line outlets. Of the three currently producing, the Abqaiq field 
is the largest, with cumulative production of more than billion 
barrels of oil. The Damman pool, the first to be discovered, is the 
second in both cumulative and current production, and the Qatif 
field is third. Ry the end of 1949, the average daily production from 
these three fields totaled more than million barrels of oil. 
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Windblown sand completely hides the surface structure at Abqaiq. 
This field was discovered by core drilling to the base of the Eocene 
lorinations. 

The reservoir rock in all but one of the Saudi Arabia fields is the 
so-called Arab zone in a Jurassic limestone sequence. The exception is 
the Ahii Haili iya field, the northernmost field so far discovered in this 
country, where the reservoirs are other Jurassic limestones about 5000 
leet below the Arab zone. In all seven fields the trapjnng is anticlinal, 
and ill one of the anticlines, the Danimaii, faulting is also jiresent. 

1 he Daninian field is the result of aicuniiilation in a nearly circular 
dome almost 1 miles in diameter in one direction and 5 miles in the 
other. This struc ture is readily recognizable at the surface. An inlier 
of Eocene rock is completely surrounded l)y a rim of Miocene lime¬ 
stone. I'lie limestone is relatively resistant to erosion, and so the 
outcrojj ana is hilly. There is 500 feet of closure at the reservoir 
level, f ile oil-bearing limestones are sejrarated by beds of anhydrite. 
The Daniman structure shows a negative gravity anomaly and may be 
a salt dome. Thick beds of sail are known to occur within the C^am- 
brian secjuence in the basin which surrounds the Persian Gulf, where 
the Genozoic and Mesozoic: rock cover has been stripped off by erosion. 
Piercemeiit salt domes are fairly numerous. 

rite Abqaiq field occupies an elongate anticline that has been 
jiroved over a length of 50 miles. It is 5 to fi miles wide and has a 
c losure of 1100 feet at ihe le.servoir level. I he Abu Hadriya field, 100 
miles north of namman, also may be a salt dome. Phis struclurc was 
located by a seismic siirAcy. riie .\in Dar field, discovered in HH8, 
had i^jO leet of pay section in the .Arab limestone in the first well 
drilled. 1 he second well, which was ecjually good, was drilled 18,000 
feet to the south of the discovery well. 

Miscellaneous Persian Gulf Proiluclng Areas 

QATAR. "J'he Qatar Peninsula extends northward into the Persian 
Gulf from the Saudi .Arabia coast south of the present producing area. 
On this peninsula is ifie Dukhan aiiiicline, which at the surface is .^0 
miles long, and up to 5 miles wide, and has some 500 feet of closure, 
it w’as discovered in 11)40, and the first two wells flowed at the rate 
of 5000 barrels daily. Activity ceased during the war, and the seven 
wells that had been drilled by the end of 1911) were still shut in, 
awaiting completion of a loading station. I he reservoir formation is 
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Middle Jiirassir in a^r, jnolj.ibly the e(|ui\-alriil of the Arab /one of 
Saudi Arabia, and loiisisis oi lour liinesiones Avilh intervening an¬ 
hydrite layers. 

BAHREIN. Bahrein Island lies ai ihe inniiih of the bay betAveen 
Qatar Peninsula and the mainland of Saudi Aral)ia. Us one field, 
widt h is also named Bahrein, produt ed O.-l j)er i enl of tlie world oil oiU- 
jjiit during* 11140. Phis is approxiinalely the same as the yield from 
Indiana or Montana diirini' the same period. Balnein was disiovered 
in 1032 and was the first field to be b)iuul in liie southern Persian 
(Udf. Exploration was eiuoura«ed bv ihe jnesenee of a ^as seej). 

Ateumulalion at Bahrein has taken jjlai e in a ‘■Le\il)ook ' aiuiiline 
Avhit h is striking from the air. T he am it line is elliplii al in plan, anil 
an oLitiroppinj', resistant limeslone of (aetaLeniis a^e has been eroded 
into a ridf>e that surrounds the field. Most ol the rest of the island 
is the ilip slo])e r)f this limestone. I'he reservoir ft)rmalion is the same 
sequenee of Jurassit limestones, with interbeilded anhydriles whiih 
produce at Qatar and in the nearby fields on tlie yVrabiaii iiiainlaiid. 

Kuwait 

Kuwait is a triangular-shaped eouniiy boiderinji; the west siile of the 
head of the Persian Gulf. Iraq lies to the iioi tli and Saudi Arabia 
to the south. 'The one field so far loiiml in Kuwait, the Burj^han 
(Fi[r. 20K), was disiovered in I03K. nuiinj[> 1010 it ])roduied 2.(> per 
cent of the world’s oil, iieaily that of ihe entire state ol Kansas (3 j)cr 
rent). Phis field is lonsidered l)y many to be the world’.s laigesl 
known single oil accumulation. Estimates of its reserves lange from 
0 billion to 10 billion barrels. Even if it proves iqj to only the mini¬ 
mum figure, it will be the largest oil field so far discovered. "Phe 
average daily production in lOJO from ihis one field was more than 
million barrels. 

AccuinulaLiun in the Buighaii field is anticlinal, and only a rela¬ 
tively small part of the jjrobable total jjroduilive area has been tapped 
by wells as yet. As a part of the develiqjinent jjiogiam, twenty-four 
w^ells w'ere drilled during l!MK; all were flowing wells. 

The crest of the anticline is marked at the surfaie l)y great tar and 
asphalt seejjages. The reservoir rocks are Middle Oetaceous sand¬ 
stones, and the productive section is about 1100 feet in thickness. Most 
of the wells are completed in two separate oil sands. 
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Fk;. 208. Uurgliaii field, kuuait. DiagiaiiiiiiaLic cross seciiuii (iiol lu scale). C,’oi#r/rs\ Petroleum Tiiixes. 
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Iraq 

The petroleum productinn for Iraq in 1019 was O.H jjcr rent of ihe 
Kital output for the world during that year. I'his is approximately 
the same as the Ruinanian produetinn lor the same period and a little 
less than that of ihe state oi Arkansas. Al present the proiluetion of 
Iraq is limited hy pi])e-Iine rapacity; ii could produce iiuith more oil 
than it does. I'lirLherniore, one of the two jjipe-h’ne outlets is through 
Palestine and has been closed dowm iiuich ol the time in recent years 
her aiise of prditical disturbances. 

Although the presence ol oil and gas seeps Avcie known to the an¬ 
cients, the first siiccessrul drilled wells v rri* not completed until 19!^7, 
when the Kirkuk and Qaiyaiah liclils were disroveied almost siinuJ- 
Laneoiisly. I'lie Ain /alali field in lhi‘ nortliern tip of Iraq was 
disiovered in 1910, anil in 1!H9 two disrinnies were made on the 
Eiijdirates floodplain near the southeastern corner ol the loimiry. 
High graviiy oil was found al Nahr Umr, :i few miles above Basra, 
and another well 2:^ miles to ilie south, heiween Basra and the north- 
crii border of Kuwait, stnick high-piessme gas at a de])th ol more 
than 11,000 feet and had to be killed. See|)ages have played an im- 
jiortaiu role in every field discovery in Iraq, inrhiding the iw’o latest 
ones on the Euphrates floodplain, except at Ain Zalah, where such 
siirfaee manifestaliotis ol the presence of oil are absent. 

All the reservoir rocks so far developed in ]rai| arc limestones. Hiey 
range in age* from Miocene to Ujjper Oetaceous. All llie traps so lar 
discovered in this country are anticlines. 

The only oil field fioiii which oil has been ship])ed as yet is Kirkuk 
ill northern iraej. I his field is soiiih of the ruikisli border, with 
Syria on the wesl and Iran on the east. Sec’p oil has been refined al 
Kirkuk and used for lamp oil lor over two centuries. Htjwever, llie 
gas seeps 5 miles north of Kirkuk along llie crest of the great anli- 
elinal fold have had an even longer liistory. “Excepi during the war 
w^hen it was extinguisJied as an air raid precaution, gas from the 
principal seepage has Ijunied coniiniiously since the time ol King 
Nebuchadnezzar ... at night tlie scene is one of impressive and 
exotic beauty; dancing whisjjs of bright blue flame, like brandy burn- 

■''o C. r. BarljEF, “The Kirkuk rield,” /V/ro/ewm 7'inics Rpview of Midtllp East. Oil 
(|iine, MHH). pp. IR-Cil: N. f. IViiker, “ I'hc Siitic:iiir;il ('.uiiilicions ol' ihc Kirkuk Oil 
Field, Iracj." Scipnrr of Petroleum fOxford I’liiv. Press, Vol. 1, p. 149; William 

T. Foraii, "Oil Iiijiii ihe Oardeii of Filin," Petrol. Enfrineer, Vol. I I fOclnhcr, 1942), 
pp. G. M. Lees and F. I). S. Rirhardson, ‘Hie Geolngy of ihc Oil Field Belt 

of SDuChwesCern Iran anil Iran,’’ Geol. \ ol. 77 (May-Junc, 1940), pp. 227-252. 
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ing on a huge Christmas pudding.” The discovery well for the 
Kirkuk field w^as completed on Oct. 13, 1027. It flowed 4000 barrels 
a day from a depth of 7R0 feet. Twf) days later a second well came in 
which gushed at an estimated rate of 70,000 to 90,000 barrels per day. 
In spite of protracted shutdown periods during the war and market¬ 
ing difliculties throughout most of its brief history, Kirkuk has already 
produced over 400 million barrels of oil. All the producing wells are 
less than .^fjOO feet deep. The gravity is 

The trap for the Kirkuk oil and gas is an elongate anticline CO 
miles in a northwest-southeast direction and 2 miles across. It parallels 
the irend of the Iranian mountain range to the east. The northeast 
flank of the fold is marked at the surface by a 200-foot scarp of Plic)- 
cciie sandstone. llie top of the fold is eroiled into an anticlinal 
valley. The present producing area covers only about 80 miles of 
the potential CO-mile length. 

Drilling has shown that the strucUire on the southwest flank of the 
fold, above the reservoir limestone, is compliiated by overthrusting 
and llowage in the Miocene evaporile section (Fig. 209). This docs 
not alfect the structure in the reservoir limestones except to shift 
the crest of the fold sfiiiic distance to the northeast. There is also 
cross faulting and an unusual amount of fissuring. 

1 he main reservoir at Kirkuk is the Qarah Chauk group of lime¬ 
stones, langiiig in age from Oligoccnc lo Focene. 'Fhese rocks are 
reefs and nunimnlite and globigerina limestones. They are highly 
frai till ed, and the productive section averages 1000 feet in thickness. 
A high tlegrcc of interconnection exists between the various reser¬ 
voir limestones. I bis condition even extends upw’ard into the par¬ 
tially oil-bearing limestones of the Miocene transition beds. No 
gas cajj overlies the oil; it has probably been dissipated through 
c eiituries of seepage. 

File Qaiyarah area near Mosul, northwest of Kirkuk, contains four 
oil fields, the first of wdiich was discovered practically simultaneously 
with the Kirkuk disetivery in 1927. The reservoirs are limestones of 
Miocene to Upper Cretaceous age lying at depths between 700 and 
1800 feet. The trapping in each is anticlinal. Oil in the Mosul 
district is very heavy (16°) and has a high sulfur content. Because of 
the marketing difliculties involved with this type of oil, all four Acids 
are shut in except for an insigiiilicant yield for local consumption. 


C. T. Bill her, op. riV., p. -18. 



Northeast 



I— - AfUr Baker { 1938 \ 

FlC 209 Kirkuk oil field. Iraq. Soulhuea-noi Iheasl cross scclion. From .Tricoce of Po(ro/eum; permission to publish purchased from 

Oxford University Press. 
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The Ain Zalah field, near the Turkish border, has seven wells biu 
no production as yet owing to lack of pipe-line outlet. However, the 
oil is much better than that of Mosul, with a gravity of 32°. It lies 
at depths between 5000 and 6000 feet. Trapping is in an east-west 
anticline, 8 miles long and 2 miles wide. The closure is approx¬ 
imately 1000 feet. 

Iran 

During HMH Tran was the fourth connlry of the world in oil pro¬ 
duction, with a yield of 5.0 per cent of the world output. ITiis was 
a little more lhan that of the state of Louisiana for the same period. 
The first successful well in Iran tvas drilled in 1008 in what became 
known as the Masjid-i-Sulaimaii Held. Commercial prr)ductiun did 
not start, however, until 1011. The second field was discovered in 
1023, and ihe newest field so far found w^as opened in 1016. 

Most of the Iranian oil fields lie in a northwest-southeasi trending 
belt immediately north of the head of the Persian Ciulf in south¬ 
western Iran. A much smaller district is in western Iran very close 
to the lra(| boinulary southeast of Kirkuk, both Iranian districts and 
the oil fields of northern Ira(| lie along the norllufast side of the sedi¬ 
mentary basin that extends from southern d’urkey and Syria southeast 
tr) the Indian Ocean. ITiroughout tliis belt, the basin is floored with 
highly folded I'ertiary strata. Dillerenlial erosion of the ujJturned 
strata has produced a rugged foothills io])ogra|)hy. ITie main range, 
the Zagros Mountains, lies to the northeast. In tin's range, Mesozoic 
and Paleozoic sediments are exposed. ITie tectonic features and tlie 
geologic formations in the foothills belt strike northwest-southeast 
parallel to the trend of the Zagros Mountains. 

Southeast of the oil fields, the Persian Gulf coastal plains and the 
I'ertiary foothills lontain over 100 kiif)wn salt |)higs."’‘ These intrusive 
slocks have an average diameter of about 4 miles; most are circular or 
elliptical, although a lew follow fault lines and are much more 
elongate. In most places, the salt itself docs not crop at the surface, 
but its presence can be as.sumed by the presence of iidiers of highly 

pH C. r. harlicr. "RrA irw nf Miitdlc East Oil—Iran,” /’p/ro/pi/m Times Review of 
Middle F.nsi Oil (jiinc, 13 IS), pp. lO-l.'i: G. M. Lees, ”'riic Geoln^^y nl the Oil Ficlfi 
Hell of Iran amt Iraq.” Science of Petroleum (Oxtrinl Tiiiv. Press, 1338), \'nl. 1. pp. 
II0-M8: H. W. l.aiie, "Oil Prndiiclinn in Iran,” 0/7 and Gas Jour.. \’ol. -48 (Aiif;. 18. 
131.3), pp. 127-136: H. S. (lihson, "Oil Proiliiction in Sniiihwestern Iran,” World Oil, 
\ i)l. 128 (May. 1318). pp. 271-280: (June, 194B), pp. 217-226. 

G. M. Lees, op. r/7., p. M2. 
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juinbJed older rorks. However, some of tlie shU do irop out, 

forniing^ inoiiiiUiiiis of salt that rise as niiirh as 5000 feet above ihe 
adjarcnt lowlands. 1 he time of salt inovemciit has varied between 
the Upper Cretaceous and the Recent. Perhaps the most unusual 
feature about the Iranian salt plugs is that, although there is abundant 
Mioeene salt in the stratigraphic section, the great salt inirusioiis 
appear to have had their sources in Cambrian strata. 

The oil fields of Iran have much in common. They all produce 
from Oligocene-Miocene limestones, and in everv rme trapping is anti¬ 
clinal. Kvery field so far discovered has had oil seeps or gas seeps, 
or both, at the surface. 

I'he reservoir rock is the Asmari limestone, which ranges in age 
from Lriwer Miocene to Upjjer Oligocmc. I'lie jirodiicing /one is 
about 1 ()()() feet thick. No appreciable production is obtained in 
drilling a well until a fissure is penetrated. For this reason, it was 
formerly thought that practically all the storage in the Asmari lime¬ 
stone was in crevices. It is now believed that mtist of the actual 
storage is in pores in the limestone, with fissures suj)plying channels 
for migration and egress. Apparently, as the oil is removed from 
the fracture system by w^ells, it is replaced by bleeding from the lime¬ 
stone pores. 

The southwestern Iran district contains six oil fields and one gas- 
condensate field. The wells in this district average 10,000 barrels 
per day, and in one field, .\gha Jari, the average jjer Avell is 22,000 
barrels. Two fields, the Masjid-i-Sulaiman and the Haft Kel, have 
jnoduced nearly a billion barrels of oil each, which places them 
among the first half do/en oil fiehls of the world in cumulative pro¬ 
duction. The Haft Kel field, which was not discovered until U)2S, 
twenty years after the Masjid-i-Sulaiman, is now slightly ahead of 
that field in total output. 1 he Agha jari is third and the Gach Saran 
fourth in cumulative production. In average daily production during 
1949, the first four fields were, in descending order, Agha Jari, Haft Kel, 
Masjid-i-Sulainian, and Gath Saran. 

Western Iran, southeast of Kirkuk in Iraq, has one producing field, 
the Naft-i-Shah, and another field nearby that is not producing. 

rhere is a remarkable similarity in the character of the anticlines 
in which the oil has been trapped, not only in the southwestern Iran 
fields but also in the western Iran and Kirkuk fields. A cross section 
of the Kirkuk structure was shown above. The panel on page 584 
(Fig. 210) shows similar cross sections for Naft-i-Shah in western Iran 
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and for the I.ali, Haft Kel, and Gacli Saran structures in southwestern 
Iran. It will be noted that in every field the reservoir formation, 
the Asmari limestone, is folded into an anticline that may be asym¬ 
metric and even slightly overthrust on the southwest Hank. However, 



Gach Saran Strucure Section 


After Petroleum iimes (June, J948) 

Kin. 210. Inin nil liclils. Panel of transverse structure sections. roMr/<'jy Ppfrofeum 

Tirnrs. 
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the overlying lower Fars (Miocene) evaporiie-coiuainiiig seilinient is 
strongly loldeil and thrust-faulted, and this diasirophisin has been 
accompanied by plastic llowage ol the salt layers. "I'lic still younger 
Fars rocks, and overlying Pleistocene sediinenis, are more competent, 
and the aptly termed “turbulence” of the lower Fars is not repeated 
in these relatively rigid younger lormations. The intensity of the 
deformatirm in the lower hars sediments is at the niaximum on the 
southwest Rank. 

The Agha Jari field, currently the leading field in Iran with a daily 
production of million barrels of oil. lies on an anticline more tliaii 
50 miles long. I he Agha Jari gas seep is .S miles soul Invest of the 
anticlinal axis in the Asniari liinestone, owing to escape by way of a 
low-angle overthrust fault plane. 

Miscellaneous Asiatic Producing Countries 

TURKEY."*'^ Turkey’s one oil field to date is the Raiiiandag, near 
the southeastern corner of Asiatic Turkey (Fig. 207). It is ljut a 
short distance north of the borders of Irai] and Syria, ami it is in the 
same sedimentary basin as the other Miildle F/.istern oil fields. The 
nearest production is in the Ain Zalah field in norLherninost Iraq. 

The first successful well in the Ramandag area was drilled in 1!)10, 
but water soon came into the bore hole in such abundance that pro¬ 
duction ceased. Continued attempts to develoj) the field became suc¬ 
cessful in 1017, and |m)durtion wus resumed in 191H. By the end ol 
1910, four successful wells liad been drilletl to depths between 1100 
and 1500 feet. The oil is heavy (15" to 20"). Uniil a pipe line is 
constructed to the Mediterranean coast, only enough oil is produced 
to satisfy the local demand. The |jrc5enl detclopment of the field 
indicates a potential production of 3000 barrels daily. However, the 
Ramandag anticline, in wliich accumulaiion has taken place, is about 
40 miles lt)ng and 7 miles wide. At llie jjresent time, an area ol 
J)tily about 4 square miles on this structure has been proven. I he 
reservoir rock is the topmost seclicjii ol an LJjjpcr fa etaceous limestone. 

PAKISTAN (Fig. 211).'*-^ Oil is jjioduced in the Punjab district 
of Pakistan, formerly northwest India. Thv yield during 1040 was 

.Aiioii., “ I iirkey SdiLMtiilLs t en VVl-IIs in Raiii;iii[l;i^; l ielil fm IHriO.” Oil and 
Has Jour., \’nl. 4H fjaii. fi. 19.50), pp. 6H-69. 

5B E. S. rinlulcl. “NiMihwcsl Srienre of Petroleum fOxforrl IJniv. Press, 

I93»). Vol. 1. p. I.3H: I). Dale CDiidit, “Naiiiral (,as anil Oil in India, ’’ Bull. Am. 
.'I.sxnc. Petrol, (ieol., \’ij1. 1H (Mai'Lh, 1931), pp. 2K3-31-1. 
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0.02 per cent of the total world output. This was less than the 
Indian produclion but considerably more than that of Burma during; 
the same period. 

File Pakistan oil fields occur out in front of the Himalayan cor¬ 
dillera, where ihe diastrojdiism has been much less iniense. The oil 



has been trap|)ed in anticlines. Although seeps are common in 
Pakistan, the first successful well, which discovered ilie Khaur field, 
was not drilled until 1915. Here the oil occurs in fissures in an Upper 
Tertiary sandstone between the surface and depths below 5000 feet. 
Deeper drilling uncovered oil in the underlying Eocene limestone also. 
Twenty years after ihe Khaur discovery, oil was found in the Dhulian 
anticline 10 miles to the southwest. Production at Dhulian is largely 
from the Eocene limestone. Two more Eocene limestone fields were 
discovered in the Punjab district between 194^1 and 1946, but the oil 
is considerablv heavier than it is at Dhulian. 













588 


Oil and Gas Fields—Outside United States 


Digboi is located at the north end of the western of the two hasins 
that lie at the head of the liay of Bcnf>al. The eastern basin is in 
Burma. An uplift area, which includes the Patkoi Ranf^e at the 
north end, separates the hasins. Accumulaiion at Uigboi has taken 
place in an elongate faulted anticline. Trapping lias ijccurred in the 
upfold on the overthrust block (Fig. 212). The reservoir rocks are 
Miocene sandstones. 

BURMA (Fig. 211)."^ Even by the end of 1949, the oil fields of 
Burma had not yet recovered from the ravages of war. Only about 
.500 liarrels of oil daily are being produced in this country, whereas 
two of the leading fields together produced over 20,000 barrels of oil 
daily before the war. 

riie si‘dimenlary basin in which the oil fields of Burma lie is very 
elongate in a northerly direction from the Bay of Bengal. It is also 
a topographic trough, with mountain ranges on both sides and the 
valley of Irrawaddy River occujjying the central ])art. The Irrawaddy 
fjasin has been divided into three subsidiary basins, norih, central, 
and south. Hie one field in the norih basin, the Indaw, was discovered 
in 191H. The central basin contains eight fields, whose discovery 
dati!S range from 1889 to 1919. Among these are the largest of the 
Burmese oil fields. Fhe south basin contains three fields disci)\cred 
between 1922 and 1928. All produce a moderately liglii oil (.S()°) 
from Miocene and Oligocene sandstones. 4'he Yeiiaugyauiig field, in 
the central basin, has from fifly lo sixty separate reservoir sands, of 
which from ten to fifteen may be penetrated by a single well. Most 
of the oil produced in Burma has been trapijed in anticlinal folds. 
Some of the anticlines are laulted. 

CHINA (Fig. 213).”- .Scattered across the vast interior of China 
arc several sedimentary basins (Fig. 2(H) in which a considerable ihick- 
ncss of sedimentary rock has accumulated. 'Mirt'e additional basins 
lie along the China coast, and still another occupies the western half 
of the island of Formosa. Although oil has been oblained from a 
number of small scattered fields in China in the ])ast, the only com¬ 
mercial oil field today is the Vumen (laiochuniniao) field in Kansu 
province. Esiimaies of the production of this field range from 1000 

ui G. W. l.ep|)L*i anil I*, r.vaiis. nj). ril.: I., niulley .SLaiii|j. "Naliiral Cias I'iclils of 
Uiiriiia," Bull. Ani. .Issui. Pctrul. ilroL, \n\. IS (^Maixli, li)31), ijp. H. R. 

laiiKsli, “I'eriiary Gcnliigy and Piinripal Oil I'ields of Riirina," Bull. .tm. Assne. 
retro!. Gvol.. Vni. .31 (Mav. in.'iO). pp. SL»3-S.5.'». 

K. t'. l.n. '‘rnsi-AVar l*rn<;rcs.s in C.liiiia's NorlhwE.slcrn Oil Kiflil.” M'rjr/f/ 0/7. 
X'ol. 128 (July. 194S), pp. 20.3-208: Mai tin |. Ciavin. ‘‘rcimliMim in kan.su Province, 
r.liina." retro!. Eo^iurer, \o\. 17 (Orlober, 1943). pp. 1K1-1S4. 
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to 2000 barrels daily, and the cuniulative production since discovery 
in 1939 is approximately 3 million barrels, riiis field has produced 
about 0.02 per cent ol the world’s annual outpuL in recent years, 
approximately the same as the production lor Bolivia and Pakisian. 

The discovery well at Yunien lound oil in I'eniary sand at a depth 
of 460 feet. Subsequently, it was learned that the oil-bearing settion 



extends from 460 feet to aboul 3000 leet, IjuI most wells are completed 
in the L sand, between MOO and 16.50 feel dee[). 1 he average sand 
thickness is 85 feet. 4 he field is on a high plateau, with eh'vations 
ranging from 7800 to 8500 feet. Accumulation has taken place in a 
faulted asymmetric anticline. 

Seven small fields, which have produced mainly gas, were discovered 
in western Formosa between 1904 and 1940. The estimated produc¬ 
tion of liquid hydrocarbons from this district at the present time is 
about 50 barrels per day. This figure includes the casinghead gasoline, 
a by-prodiH t of the gas jjn)diiCLion. T rapping is aniiclinal; the folds 
tend to parallel the long axis of the island. 
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JAPAN (Fig. 214).**® During 1949 the average daily production o[ 
petroleum in Japan was a little less than 4000 barrels. For the year 
this amounted to 0.04 per cent of the world output, or about half 
that of the state of West Virginia. Production of oil from dug ivells 
began in Niigata Prefecture in 1874, and the first commercial exploita- 
tijjii by drilled wells began in 1891. In March of 1940 the Japanese 
Islands contained .50 fields and 4190 producing wells.'** 

rhe Japanese sedimentary basins (Fig. 204) lie along the south¬ 
eastern and iiorthwestern coasts of Honshu and on both the eastern 
and western sides of Hokkaido Island. None of these basins extends 
very far inland, and consec|uently the percentage of favorable territory 
for oil and gas occurrence is relatively small. All the reservoirs so 
far developetl are Tertiary sandstones, but the deeper Cretaceous may 
also be oil-bearing. 

The oil fields occur in the basins on the Japan Sea side of the island 
chain; the basins on the Pacific side are, in the main, not yet pro¬ 
ductive. 1 he fields are in five prefectures, with the largest concen¬ 
tration in Akita Prefecture on the w(*st side of northern Honshu. 
Here is the Yaliase field, which is currently jiroducing about 35 per 
rent of the total Jajjanese oiit|)ut. Two of the fields in Niigata 
Prefecture, the Niitsu and the Nishiyama, are, however, larger in 
lumulative production than Yabase. The Niigata district lies to the 
south of Akita in west central Honshu. The third j)referlure in 
number of oil fields is Hokkaido. A few fields have also been found 
in Yamagata Prefecture and one in Shi/iioka. VV^ith the cxiejjtioii 
of Yabase, most |)roducing fields in Japan are completely drilled ujj 
ami approaching depletion. 

rhe Yabase struilure '*■"’ is a gentle anticline with a larger than 
usual gathering area. So far, twelve ]3roduf ing /ones, lying betwn^en 
depths of 300 and 0275 feet, have been found in this field. Until 1949 
most of the Yabase oil came from /one VII at a depth of 3400 feet, 
but in that year a well drilled into /one VIII flowed 272 barrels per 
day from a depth of 3800 feet. I.ater two new reservoirs were found 
beneath Zone VIII with one well (drilled in January, 1950) flowing 

l.po W. Siiirli, “rniDlciim F.xptm jlinii .iiirl Tiniliiriiiin in Western Pncific 
Dining Woilil ^V:lr II." Bull. Am. /lj.vor. Petrol, fipn/.. Vol. (.Augicst, 1947), 
]i|). 1381-1 10.1: ^'nsliinnsiiki C'.liiiani. "I'cliuleiiin Resiunres nl Japan, " Bull. Am. 
A.SSOC. Petrol. Crol., \’iil. 18 (jiily, 1931). pp. 908-924. 

>*•* (;. M. Pnllnrk anil 1.. W. Starh. “I'lnilueiinn anil Resources nf Pelroleiim in 
Japan,’* Bull. .im. .^.s.soc. Petrol. Cro/., \'ol. 31 (January, 1917), pp. I5r>-l.*i8. 

Anon., “Neu’ riiiri in Japan," Oil and Gas Jour., \'ol. 48 (Dec. 1, 1949), pp. 
17-18. 
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2000 barrels daily from a depth of 6275 feet. By the latter part of 
1949, about one liiindred geologists and geophysicists were engaged 
in the search for new oil deposits to replenish the almost exhausted 
Japanese reserves. 

SAKHALIN (Fig. 214).““ Before World War II, Japan owned the 
southern half (Karafulo) of Sakhalin, and Russia owned the northern 
half. When attempts to find oil in Karafulo were unavailing, the 
Japanese leased a |)art of northern Sakhalin. I'his area produced 
about 4 million barrels in 1940, but the current production is not 
known. From ten to twelve oil fields have been discovered, but most 
of the production has come from four Reids. Flic district is about 
25 miles wide and 250 miles long, extending south from the peninsula 
at the north end of Sakhalin Island. Unlike the |apanese Islands to 
the south, the grealer part of Sakhalin is occupied by a sedimentary 
basin (Fig. 204). 'Flic oil district also dilfers from those to the south 
in that it lies on the Pacific: rather than the interior sea side of the 
island. Fhe anticlines tend to parallel the coast line; the Folded struc¬ 
ture is reflected, to some extent, in the topograjihy of the tundra plain. 
Fhrec of the fields ap|iarently occupy local nodes along the crest of 
a single anticline, 150 miles long. All the known production to date 
has come from more than a dozen separate but shallow Miocene sand¬ 
stone reservoirs. No dec|) tests were attempted by the Jaj^anese during 
their period of o|)eratioii. J he Fertiary section may be as much as 
.S0,000 feet thick. 

AI RIGA 

Much the greater part of Africa is underlain by ancient crystalline 
rock. However, aicjuiul the edges of the continent are a niiniber of 
sedimentary basins that extend for varying distances inland (Fig. 215). 
Fhe largest of these crosses the northern eiul of the continent from 
the head of the Red Sea to eastern Morocco. This is the only one 
of the .African basins currently producing any oil, and Egypt is the 
only country with any significant output. A little oil is obtained in 
French Morocco and in Algeria. In recent years there has been 
considerable activity in searching for oil in various other parts of 

Lrii VV. Si:ii:h, «/). r//.. pp. l.‘t!10-M00; Dnii 1.. C.innll, "Saklr.iliii Ishiiiil Has 
Cioml I'lissiliiliLirs,' Oil Uvckly, V’ul. Ill (Aug. 28, 1911), pp. 28-^0; Giichirn 
Ki)li:iy:islii, "Pri'liiniiiarv Ri:|)ijrL iin die (■eoiiij'A iil die Oil I'ielils in Nordi (Russian) 
Sakhalin." Bull. Atn. .'I.y.vrjf. /*r/irW. Grrj/., V'lil. 10 (Nnveniber, 192fi), pp. 1150-1102; 
1. I', riilinarlioir, " I hc Results ut Oil rrospeeliiig iin Sakhalin Islaiul hv japan in 
1919-1925." ihifl., pp. 1163-1170. 
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Alrica, including Ethiopia, Madagascar, Mo/ainbii|uc, Angola, French 
Kcjualorial Africa, Nigeria, riiiiisia, and Spanish Morocco. 



After Weeks {1949) 

I n;. 215. Aliita. SciliiiiLiilaiy basins anrl nil lidils. Cnuttcsy Ameiicnn Assorin- 
tinn of Petroleum Geiilofi,isls. 


General References. L. G. Weeks, "HighligliLs on HMH Dcvelop- 
nieriLs in Foreign Petroleum Fields,” Hull. Am. A.i.sfir. Petrol. Qeol., 
Vol. 33 (June, 1949), pp. 1095-1103; Oil and (ins Jour., Review and 
Forevast Xiimher, Vol. 4B (Jan. 26, 1950); Oil and Oas Jour., Inter- 
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national Number, Vol. 48 (Dec. 22, 1949); World Oil, International 
Operations Issue, Vol. 131 (July 15, 19.50). 

Egypt" 

New discoveries since 1945 have greatly increased Egypt’s oil pro¬ 
duction. During 1949 this country produced 0.43 per cent ol the total 
world yield. I'his is a little more than Peru and a little less than 
tliat ol the state ol Michigan lor the same period. 

Northernmost Egypi lies at the eastern end of the sedimentary basin 
that crosses the northern tip of Africa. I'his corner of Egypt has two 
distinct geographic divisions, one the mainland area west of the Gulf 
of Suez and the Suez Canal and the other the Sinai Peninsula, which 
lies at the head of the Red Sea between the Gulf of Suez and the 
(hilf of A(]aba. All the oil fields so far discovered in Egypt (Fig. 207) 
are r)n one side or the other of the Gulf of Suez, which is a rift valley, 
rite older fields are on the west side, and the newer discoveries, begin¬ 
ning with Sudr in HMfi, have been on the eastern, or Sinai Peninsula, 
side of ihe Gulf. 

The first commercial discovery in Egypt was the Ras Gemsa field, 
since abandoned, in 1908. 'Two fields, the Asl and the Rasmataima, 
were disc’overed in 1947, and a successful wildcat well was drilled at 
Wadi Feiraii in 1949. At the close of 1919, the latter two fields were 
still shut in, but the Asl was producing at the rale of 5400 barrels 
|jer day. One Asl well flowed initially at the rate of 3100 barrels 
per day. The largest field in both cumulative and current production 
is the Ras Ciharib, which was tliscovered in 1938. The second field 
ill cuiiiLilative production is the llurghada (1913), and the second field 
in curreni output is the .Sudr, which was producing nearly 13,000 
barrels a day from six wells at the end of 1918. Thti Garib, Gemsa, 
and Hurghada fields lie on the west side of the Gulf of Suez, near its 
nioulh, and the Sudr, Rasmataima, Asl, and Wadi Feiran fields are 
across the Gulf to the north (and even northwest) on the Sinai Penin¬ 
sula. 

The reservoirs in the Egyptian oil fields range in age from Miocene 
10 Carboniferous. The newer discoveries in the Sinai Peninsula have 
been mainly in Eocene limestone, but the Asl field also produces from 
Miocene sandstone, and the shui-in Rasmataima field has a similar 
reservoir. The older fields have different reservoirs. The Hurghada 

'*■ 1*. \’aii ilei IMocg, “Egypt. " Scienev of Pelroleuni (Oxford Univ. Press, 193S), 
Vol. I. pp. 150-151. 
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jiruduces mainly iruin Cri^taceoiis sands, hiii it alsu has snine MioLCiU' 
production, and the reservoirs in the Ras Ciharil) field iiidudc both 
Carboniferous and Cretareous sands and Miocene limestone. 

Trapping in Egypt has been in anticlines except in the Ras Gharib 
field, the largest in cuiiiulalive production, which is a fanlied mono¬ 
cline. At Hurghada the upfold overlies a buried granite riilge. 

Miscellaneous African ProdiiciSoii 

FRENCH M0R0CC:0 (Fig. l^lli). Hie oil production of French 
Morocri) din ing 1!M!) anionnieil to only D.OO I per l eiii ol ihe woi Id 



oulput. This was approxiii.atLiy the same as the ammint ol oil pro- 
iluced in Cuba during the same period. Ihe acainiulation of oil 
in Morocio is at the extreme ojjposite end of the sedimentary bastn 
whiih crosses northern Africa from the oil fields of northeastern Lgypt. 
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The same basin also extends across part of Spanish Morocco, but 
except for the discovery of some wet gas, exploration in this neighbor¬ 
ing country has so far not been successful. 

The oil fields in French Morocco lie in the northwestern part of 
the country. T he first discovery was the Ain Hamra field in 191R. 
The Tselfat field was discovered in 1934 and the nearby one-well 
liou Draa field in I93fi. The only field currently producing much 
oil (about 280 barrels a ilay) is the Oued Beth, which was discovered 
in nM7. The discovery well in this field struck oil in a basal Miocene 
sand overlapping a Paleozoic hill. Acciinuilation appears to be the 
result of fault tra|3ping. 

ALGERIA (Fig. 211)). Flie sedimentary basin at the northern end 
of .Africa is broadest where it crosses Algeria, and it includes most of 
that country. How’ever, here it does not extend all ihe way to the 
coast of the Mediterranean but cuts south of the Atlas Range. A very 
much smaller basin, the Chelif, overlaps a part of the coastal plain, 
and in this much smaller area all the oil so far discovered in Algeria 
has been found. The C^helif basin contains three fields, but one, the 
Ain Zeft, was shut down after yielding less than 25,000 barrels of oil. 
The greater part of the cumulative production of .Algeria, about 
million barrels, has come from the Tliouanct fielil, wdiith by 19*^9 
was dow'ii to five wells and an average daily j^roduction of 2 barrels. 
The Qued Ciueterini field was discovered in 19If), and by the end of 
the year two wx'lls had been drilled, producing a tt)tal of I I barrels 
|)er day from a Miocene reservoir at a depth of about 8.50 feet. 

OCEANIA 

Oil is obtained rommerrially in the islands of Oceania (Figs. 217- 
219) from Sumatra to the western tip of New’ Guinea. Politically, 
this entire area is a part of the Indonesian Republic (formerly Nether¬ 
lands Fast Indies and Netherlands New’ Guinea), except the northwest 
coast of Borneo, wdiich belongs to Great Britain. The oil fields occur 
on five islands. The largest number, with the greatest cumulative 
production, is on .Sumatra. Considerable production has been ob¬ 
tained from Borneo, both the Indonesian side and the British side, 
and from Java. Ceram, w'hich lies toward the eastern end of the 
archipelago, has one oil field, and eastern New’ Guinea has one pro¬ 
ducing field and two recently discovered fields that are not yet in 
active operation. 
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The oldest of the Oceania oil fields is one in north Sumatra that 
was discovered in 1893. During 1890 and 1897, three fields were 
discovered on Java, one field in western Borneo in ivhat was then 
Dutch territory, and the one and only field on Ceram. The first 
commercial production was obtained in southern Sumatra in 1901, 
but it was not until 1922 that the Palembang district, which in recent 
years has produced about four-fifths of the Indonesian oil, was dis¬ 



covered. The first discovery in British Borneo was the Miri in Sarawak 
in 1911. The oldest field ol New fiuinea, the Klamona, was discovered 
in 193fi, but because the war delayed exploitation, it was not until 
19d9 that a pipe line outlet was completed. 

Oceania produced about 2 per cent of the world’s oil output in 
1949. Of this amount, a little over one-third came from British 
Borneo and the rest from the various Indonesian islands. Two per 
cent of the world's oil production is less than that of Kuwait (2.6 per 
cent), or approximately the equivalent ol that of Illinois for 1949. 
However, Indonesia has not yet recovered from the war and from the 
political upheavals that followed. In Sarawak and Brunei in British 
Borneo, on the other hand, the production for 1949 was over three 
times the pre-war rate. 
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Fin. 219. Oceania index map. 
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I’hc islands of Oceania extend over an cast-west distance of nearly 
4000 miles and a maxiniiiin nnrlli-south distance of 1000 miles. Sedi- 
inenLary basins occupy the ^eater part of the northeast side of Sumatra 
and the north side of Java. Similar basins cover a considerable area 
along both the southeast and northwest coasts of Borneo. Except for 
the mountain core, New (fuinca is covered wiih a thick veneer of 
sediments. Most of Papua (southeastern New riuinca, which now 
belongs to Australia), is covered with basin de|josits and is at present 
the scene of an intensive search for oil accnmulations. The other 
islands of the archipelago between New Guinea and Sumatra contain 
minor basin overlaps. The Ceram M field lies in a basin that occupies 
the eastern tip of the island. Western ami cast central Australia are 
occupied in part by sedimentary basins, but the only oil so far dis¬ 
covered has been a very minor deposit (the Lakes Entrance field) in a 
sedimentary basin that just barely overlaps the southeastern Victoria 
coast. 

High voh:anic mountains, the Rarisans, follow the southwestern 
coast line of Sumatra for nearly IhOO miles. The northeasi side of the 
island consists of lowlands and jungle, and it is in this area that the 
oil deposits have been found. The fields occur in three districts, 
riie northern district, with abotiL icn fields, is at ihe northwestern 
end of the island w^est of the Malay Peninsula. 14ie central district 
occupies the middle part of the island across the straits from Singapore 
and contains two fields. The southern district, with about twenty-two 
fields, covers a considerable area north of the Jiarisans near the south¬ 
eastern end of the i.sland. This district is responsible for the greater 
part of the Indonesian oil production, both current and cumulative. 

The nine oil fields of Java are concentrated in an isolated sedi¬ 
mentary basin that occujjies the eastern half of the island north of 
the chain of active and recent volcanic niountains. The oil fields 
of British Borneo arc close to the South China Sea. I’hc Miri field 
is in Sarawak, and the Seria is a short distance across the boundary 
in Brunei. Indonesian Borneo has two oil field districts, the Tarakan, 
which covers the islands of Tarakan and Boenjoe off the coast of 
northeastern Borneo, south of the British province of North Borneo, 
and the Balikpapan, to the south not far inland from the Strait of 
Makassar. There arc about eight fields in the Balikpapan district. 

The total cumulative production in Oceania is more than 1.3 billion 
barrels. Of this amount, all but 165 million barrels, the British 
Borneo production, has come from the former Dutch colonies. 
Sumatra has the greatest production of any of the islands, with over 
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(iOO millions, more than half of the Indonesian total. Borneo, count¬ 
ing both the Indonesian and British parts of the island, has produced 
about 584 million barrels. Most t)f the remainder has come from 
Java. The largest fields in cumulative production are first the Tara- 
kan in northern Borneo, second the Sangasanga field in the Balikpapan 
district, third the Talang-Akar-Pendopa field in southern Sumatra, 
and fourth the Seria field in Brunei in British Borneo. First in current 
production is the Seria field, followed by the Falang-Akar-Pendopa 
and another southern Sumatra field, the Talang-Djimar. 

The reservoir rocks throiighoiit Oceania arc of Tertiary age except 
on Ceram, where, in addition to Pliocene sandstone prodiirtion, oil 
is obtained also from underlying Triassic rock. Most of the Tertiary 
pniduction is from Miocene and Pliocene formations. In the central 
part of the basin, the maximum thickness of the Tertiary section 
approaches 30,000 feet. Most production is relatively shallow, coming 
from depths of less than 3000 feet. 

In all the fields so far discovered in this vast petroliferous province, 
accunnilation has been due to the presence of anticlines. I’rapping 
has taken place mainly in belts of weak and moderate folds. Asym¬ 
metric anticlines arc common, and some are overturned and thrust- 
faulted, but as a general rule, the exploration of strongly compressed 
anti complicated anticlines has not resulted in the discovery of com¬ 
mercial oil deposits. 

General References. H. M. Schuppli, “(Ecology of Oil Basins of 
Fast Iiiilian Archipelago,” Bull. Am. Assm\ Petrol. GeoL, Vol. 30 
(January, 1946), pp. 1-22; E. W. Beltz, “Principal Sedimentary Basins 
in the East Indies,” Bull. Am. Assoc. Petrol: GeoL, Vol. 28 (October, 
1944), pp. 1140-1454; FI. M. Schuppli, “The East Indian Archipelago,” 
Science of Petroleiwi (Oxford Univ. Press, 1938), Vol. 1, pp. 131-132. 



Chapter 11 

FUTURE OIL SUPPLIES 


"I’he oil business is unusual in that it operates on a relatively small 
inventory. An enormous dcniaiu! has been built up for a prr)duet 
with known supplies rarely exceeding twelve to till ecu limes the uniuial 
coiisuiupLion. The petroleum industry and the consuming jndilie 
have both gambled on our continued ability In discover new sujjplies. 

The proven reserves are, as I.evf)rsen puts il, merely working stock: 
“Much of the oil we are using today was unknown 20 years ago, and 
likewise the oil we will use 20 years hence is in a large ])art still 
undiscovered.” ^ 

But unfortunately for the peace of mind of all associated with the 
oil indusLiy—producers, distributors, or consumers—the discovery curve 
is not a smooth one. As far as the ejuantity of oil discovered is con¬ 
cerned, the curve is most irregular. Several years may go by in wdiich 
the new finds are inadetjuate to inaintain a satisfacLr)ry invenlory, 
and then a scries of discoveries will take place, such as the almost 
simultaneous development of the reef accumulations of Alberta and 
Scurry County, T exas, that will make a notable improvement in the 
size of the working stock. 

At the same time that discovery is jiroceeding in this erratic manner, 
the demand for petroleum products and natural gas imreases markedly 
each year. This is largely due to a steadily increasing energy demand 
throughout the Avorld. Since 1918, 93 per cent of the greater energy 
demand has been met by oil and gas. riie remaining 5 per cent has 
been met by expanded watcr-jjower resources. Coal has not con¬ 
tributed to the increased consumption of energy-producing materials. 
As a matter of fact, in recent years the instability of the coal supply, 
and other factors, have created additional markets for liquid and 
gaseous hydrocarbons. 

As a result of the constantly increasing demand and the unpre¬ 
dictable behavior of the discovery curve, the oil industry is alternately 
faced with an oil famine, with its threats of rationing and conversion 

1 A. I. Levorseii, "Our Petroleum Resources," Bull. Ceol. Soc. Am., Vol. 59 
(April, 194B), p. 2B6. 
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to other enerj^ sources, or with a flood of oil, depressing the market 
price. 

However, except for these occasional periods of abundance, the oil 
industry is under incessant pressure to keep up with its ever-growing 
market. In the past, this demand has been met to some extent by 
the development of new processing techniques but mostly by discov¬ 
eries of new oil and gas deposits. A part of the ballooning demand 
for gasoline brought about by the automobile was met by the invention 
of the cracking process of refining, which increaseil the gasoline yield 
two and one-half times. The fact that discovery of new deposits has 
been notably successful in the jiast is attested by the current crude-oil- 
reserve figure, which is greater than ever before in sjiite of the enor¬ 
mous withdrawals during thi‘ Avar and post-war years. 

How the ever-increasing demand for [)etroleum products can be 
met in the future is the theme of this chapter. First the known oil 
and gas reserves will be considered. The next category of future oil 
supplies is the undiscovered hydrocarbon deposits. Some of these 
lie at greater depth than those heretofore explored, and others are in 
fields waiting to be found. These prospective new fields are both 
within current oil-producing districts and in sedimentary basins not 
yet productive. Last are what can be termed “technologic reserves.” 
Included here are the hydrocarbon supplies that can be obtained by 
increasing the ultimate recovery within our known deposits, by de¬ 
veloping dormant hydrocarbon supplies, and by the manufacture of 
sy n th e t i c hydro car b o n s. 

General References. A. I. Levorseii, op. cii., pp. 2B3-299; Kirtley 
F. Mather, “Petroleum,—Today and Tc^morrow,” Srirnre^ Vol. lOfi 
(Dec. 19, HM7), pp. 603-009: Leonard M. Fanning (editor), AVallace E. 
Pratt, Lyon F. Terry, K. C. Heald, Robert E. Wilson, ct al.. Our Oil 
Resources (McGraw-Hill, New York, 2nd Edition, 1950); William 
Heroy, “Oil for the Future,” Eron. Geo/., Vol. 39 (December, 1944), 
pp. 593-599; Wallace E. Pratt, “Our Petroleum Resources,” Am. 
Scientist, Vol. 3 (April, 1944), pp. 120-128; F. H. Lahee, “Our Oil and 
Cias Reserves: Their Meaning and Limitations," Bull. Am. Assoc. 
Petrol. Geol., Vol. 34 (June, 1950), pp. 1283-1287. 

KNOWN OIL AND GAS RESERVES 

PROVEN OIL RESERVES.- llecause the petroleum industry op¬ 
erates on such a narrow margin of knoAvn reserves, inventories are 

2 Cliniies J. Dregan, "Reserves Are ITjj,'’ OH tifid Cwns Jour., Vnl. 4H (March 16, 
1950), pp. 5^57; Dahl M. Duff, "Oil Reserves of Wdi'IiI.” Oil nnd Jour., V'dI. 48 
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constantly beinj^ made, and a voliiininoiis liicraturc has developed 
on this subject.In times of depicting slock, as during World War II, 
the general apprehension over the supply situation is reflected by a 
large increase in papers on this subject. A standing committee of the 
American Petroleum Instilute prejiares at the end of each calendar 
year an estimate of the reserves for each of the oil-producing states. 
Various individuals contribiile to an annual inventory of estimated 
reserves in foreign countries published in the Iniernational Oil issue 
of the Oil and Gas Journals These reserve figures change from year 
to year, owing to withdrawals that diminish the reserve and to dis¬ 
coveries that increase it. During the proven reserves increased 

because discoveries more than compensaled for witlidrawals. 

Table I gives the estimated proven reserves for the United States, 
by states, and for the other oil-jjrodut ing countries of the world, as 
of Jan. 1, 1950. The second column gives the production (in round 
numbers for the foreign countries) during 1919. All figures are for 
thousands of barrels. The stalistics for the United States include all 
liquid hydrocarbons, not only petroleum but also distillate and natural 
gasoline. 

Several generalizations can be made from this table. One is that 
usually areas with the highest current prodiii lion also have the highest 
reserve. This is, of course, based on the fad that the proven reserve 
is the oil still underground within the known oil fields, most of which 
are in active production. Exceptions occur where marketing facilities 
have not yet caught up with discovery. Voi example, Canada is far 
behind Mexico in production for 1949, but it is ahead in proven 
reserves because of the recent prolific discoveries in Alberta, mfist of 
which are still without adequate marketing outlet. The newer pro¬ 
ducing countries of Kuwait and Saudi Arabia are behind Iran in 
current production but are ahead in proven reserves. 

It is obvious, from comparing the current production with the 
reserve estimates, that the rate of withdrawal frrjm inventory is much 
greater in some places than in others. For most areas, the figure 
ranges from 4 per cent to 6 per cent, with the United States and 
Fiir n pp in ihp «;prnn d bracket. Howevcr, ill the immediately preceding 
years, the withdrawal rate in the United States has been B per cent 
and even higher; the drop in 1949 is largely due to the wave of new 

(Dec. 22, pp. 1K0-JB2: G. C. Cicslcr. "Wiirlil rLMrnlciini Reserves and Pelro- 

leuin SlatisLiLS, ' Bull. Am. Assne. Petrol. Geol., Viil. 2K fOclobei. IDfl). pp. 1485-150.5. 

a Sec variniis pclrnlcuni bihliofTraphics listed in .Appendix. 

• I he issue lur 11)50 was published nn Dec. 21. 
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TABLE I 

Estimated Proven Oil Reserves and Production Statistics for 1949 
(Thousands of Barrels) 



Proven 

Produc¬ 
tion dur- 


Reserves 

inR 1449 

UniLeil Slates 

Alabama 

3,547 

448 

Arkansas 

353,105 

31,213 

Califiirnia 

4,143,026 

360.131 

Cularado 

360,002 

30,242 

Tllinnis 

404,Hl)4 

67,767 

Iniliana 

50,335 

9,503 

Kansas 

844,71)5 

102,764 

Kentucky 

64,413 

11,084 

Lnuisiana 

2,506,141 

209,581 

Michigan 

67,644 

16,666 

Mississiiipi 

454,267 

38,432 

Miinlana 

116,103 

4,880 

Nebraska 

1,624 

291 

New Mexico 

677,441 

51,845 

New York 

62,400 

4,216 

Ohio 

24,373 

3,611 

Oklahoma 

1,563,448 

168,151 

Pennsylvania 

105,494 

11,689 

Texas 

15,653,443 

832,546 

Utah 

16,034 

636 

West Virginia 

50,823 

6,689 

WyominR 

735,465 

44,334 

Miscellaneous 

3,654 

575 

Total United States 

28,378,501 

2,017,347 

Canada 

1,200,000 

21,3(H) 

Mexico 

850,000 

60,500 

Cuba 

2,800 

200 

Total North America 30,431,301 

2,049,347 

South America 

Argentina 

250,000 

22,800 

Bolivia 

20,000 

650 

Brazil 

20,000 

100 

Chile 

10,000 


Colombia 

300.000 

30,000 

Elcuador 

28,000 

2,600 

Peru 

160,000 

15,000 

Trinidad 

260,000 

20,000 

Venezuela 

9,500,000 

480,000 

Total 

10,548,000 

571,150 



Proven 

Reserves 

Produc¬ 
tion dur¬ 
ing 1949 

Europe 

Albania 

4,000 

350 

Austria 

75,000 

6,700 

Czechoslovakia 

2,(M)0 

330 

France 

4,250 

400 

Germany 

150,000 

6,000 

Great Britain 

3,700 

330 

Hungary 

40,000 

3,800 

Italy 

2,000 

680 

Netherlands 

50,000 

4,250 

Poland 

20,000 

1,000 

Rumania 

350,000 

32,300 

U.S.S.R. 

4,300,000 

248,000 

Yugoslavia 

1,000 

365 

Total 

5,004.950 

305,505 

Africa 

Algeria and 

French Morocco 

2,500 

145 

Egypt 

200,000 

15,500 

Total 

202,500 

15,645 

Middle East 

Bahrein 

160,000 

11,000 

Iran 

7,000,000 

201,000 

Iraij 

5,250,000 

31,000 

Kuwait 

11,000,000 

88,300 

Saudi Arabia 

Turkey 

9,000,000 

3,000 

168,000 

Total 

32,413,000 

499,300 

Other Asia and Oceania 

Burma 

50,000 

180 

China 

20,000 

650 

India 

25,000 

1,900 

Japan 

22,000 

1,280 

Pakistan 

10,0(K) 

650 

Indonesia 

1,100,000 

41,000 

British Burnen 

300,000 

24,800 

New Guinea 

50,000 

145 

Total 

1,577,000 

70,605 

Total foreign 

51.803,250 

1,544,205 

Total United States 

28,378,501 

2,017,347 

Total world 

80,181,751 

3,561,552 
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discoveries in west 1 exas, wliich added over a billion barrels of reserve 
oil. 1 he withdrawal rate in the Middle East is only 1.5 per cent, 
wdiich again is due to the lag between discovery and ihe completion 
of marketing facilities. 

An outstanding disparity in the table is the ratio between production 
and reserves in the United States compared with the rest of the world. 
The current production of this country is about 57 per cent of the 
total world oil output, and the cumulative protliuiion is over 60 per 
cent. On ihe other hand, our share in the proven reserves of the 
world is about 55 per cent. Actually, the United States contains only 
about 15 per cent of the total prospective oil territory (Fig. 220), and 
Pratt believes that our share of the eventual oil production of the 
world will be chiser to 15 per cent than 55 per cent."’ In other words, 
since we have explored a much higher jjerceniagc of our prospective 
territory than the other countries, our proportion of the future oil 
must be less. As a matter of fart, many of the foreign countries have 
done little beyond prospecting the seep areas where the occurrence 
of hydrocarbons is obvious. 

Evidence that the United States is experiencing the law of diminish¬ 
ing returns in oil exploration is shown by the fact that wildcat wells 
today discover only half as much oil as they once did. Furthermore, 
70,000 wildcat wells are needed in the United Stales to discover as 
much oil as 100 wildcat wells in the Middle East.'^ 

There are several reasons why the United States has developed a 
much higher percentage of its potential oil wealth than other coun¬ 
tries." The principal one is that the intensive mechani/ation within 
the United States has created a greater demand for petrcdeuin products 
than that in any other part of the world, and necessity is the mother 
of discovery as well as of invention. Other important reasons are the 
relative jiolitical and ei oiicmiic freedom under which domestic explora¬ 
tion is permitted to operate, the technical skill of the American oil 
explorer, and the availability of caj)ital for speculative purposes. 

In the absence of any accurate statistical information from Russia, 
the estimate of 4..5 billion barrels of oil reserve fcjr the U.S.S.R. has 
less basis in fact than most of the other estimates. As recently as 1947, 
one expert estimated the Russian proven reserve at about B billion 

5 \V'alhii:c E. Prall, "Oiii rclrolciiiii Resources,” /Im. Sdf^TiList, Vol. 3 (April, 1944), 
p. 123. 

■'^Robert E. AVilsoii, nckliess :il .SiimniEr Session, University of Michifran, 1949. 

7 WallaLi! E. Plan, Oil in the Earth {Univ. Kans. Press, 1942), and various articles 
by the same author. 




Fig. 220. .Sedimentary Imsins of the world. Basins in black. C’oi/r/rsv L. G. Weeks and Amevican Association of Petroleum Cweologists. 
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barrels.' This figure is high in romparison with the probable current 
production, and it led to downward revision of the figure given in 
Table I. 

PROVEN GAS RESERVES." A committee of the American Gas 
Association annually prepares estimates of the proven recoverable 
reserves of natural gas witliin the United Stales. Table TI shows 
these estimates as of Jan. 1, 1950, for the various gas-producing states. 
The right-hand column shows the })rodiution dining 1949. All figures 
are for millions of cubic feet, at atmospheric pressure and G0° F. 

l ABLE II 

Estimated Proven and REcovERAni.K Reserves of Natural Gas 
t (Millions of Ciibn* I'cer) 



Re.ierves 

Production 


Jan. 1, 1950 

1949 

Arkansas 

874,190 

59,185 

California 

9,991,635 

543,488 

Colorado 

1,227,095 

24,828 

Illinois 

233,192 

40,1.30 

Indiana 

25,200 

6,250 

Kansas 

14,089,560 

323,283 

Kentucky 

1,.349,397 

90,000 

Ixiuisiana 

26,687,811 

805,726 

Michigan 

214,911 

17,438 

Missi.ssippi 

2,528,969 

68,950 

M(]ntana 

803,471 

37,925 

New Mexico 

6,241,003 

256,706 

New York 

66,685 

.3,7tX) 

Ohio 

652,571 

47,000 

Oklahoma 

11,625,979 

567,335 

Pennsylvania 

621,680 

70,000 

Texas 

99,170,403 

3,02.3,714 

Utah 

65,577 

6,313 

West Virginia 

1,715,233 

180,000 

Wyoming 

2,173,677 

72,339 

Miscellaneous 

23,105 

731 

Total U. S. 

180,381,344 

6,245,041 


^ Quoted in L. G. Weeks, '‘Hi^hli|fhls on III 17 nevelupments in Foreign Petroleum 
Fields,” Bull. /1w. Assoc. Petrol. Geol., Viil. 32 fjiine, p. 1139. 

■■^Ghaiies J. Deejifan, "Reserves Are Up,” Oi7 riiiri Gas Jour., Vol. <18 (March 16, 
19ii0), p. 57; George G. Oherfell, “Reserves ot Nalurul Gas,” Oil and Gas Jour., 
Vol. 47 (March 17, 1949), pp. 118 ct seq.; Hugh D. Miser, "Geological Survey’s 
Studies and Potential Reserves of Natural Gas," 17. S. Geol. Snnfey, Circular 14, 
1946; N. C. Mi.Gowen, "Natural Gas and Natural Gas Liquid Reserves in the 
United States," World Oil, Vol. 130 (June, 19.50), p. 140. 
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Gas likewise shows a fairly direct relationship between annual pro¬ 
duction and size of reserve. There is also a relationship between the 
oil-producing states and the gas-producing states, but they are by no 
means parallel. For example, California, the second oil state, is fifth 
in gas production. Texas is outstanding in both oil and gas produc¬ 
tion and in reserves. It should also be noted that the domestic in¬ 
ventory of natural gas is considerably larger in respect to the annual 
withdrawals than that of petroleum. During UM9 gas production 
was only a little more than per tent of the known recoverable reserve. 

UNDISCOVERED HYDROCARBON DEPOSITS 

RESERVES THAT MAY BE TAPPED BY DEEPER DRILLING. 

Cram refers to the unexplored section below the producing zones^in 
the oil and gas districts as the “vertical frontier.” Experience in 
Kansas and California has shown that commercial accumulations of 
hydrocarbons can occur in the basement crystalline rocks, and so the 
exploration of the third dimension is noi complete until the entire 
sedimentary section, regardless of its thickness, has been investigated. 
Relatively few tests have been drilled into the basement rock where 
the sedimenlary column is over 5000 feet thick. Even where it lies 
at lesser depths, there is, in most areas, an inadef|uately explored zone 
bciw'een the deepest developed reservoir and the baseineiit. 

Deejjcr exploration has been handicapped by the increased drilling 
costs involved. However, this is more a psychological than an actual 
handicap, for a well lesting deeper formations in a producing anticline 
is drilling through a succession of superimposed traps, whereas a 
lateral wildcat, because of inadequate structural or stratigraphic in¬ 
formation, may not be lesting a trap at all, and so the chances of 
discovery are less. 1 herefore, a single deep test may find as much 
oil at less exjjensc than a series of relatively shallow wells. Unfortu¬ 
nately, many producing anticlines have been condemned as prospects 
for deeper oil or gas because the lower formations were explored by 
wells so far off structure that they missed the accumulations at lesser 
depths and so were carried deeper. A well that missed the trap in a 
producing zone is a poor lest of deeper traps. 

Almost every oil-producing district in the world has a history of a 
downward progression of discoveries. The sequence in many areas 
has been to proceed downward from a surface accumulation (oil seep 

10 Ira H. Cram, "Kescuiires anil RirsinirL-L'fuliics.s,'' Hull. .tin. A.s.wr. Petrol. GeoL, 
\'ol. 21) (July, 1915), pp. H57-ft64. 
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or asphalt deposit) to the first underground arruiiiul.ition ;it a depth 
of a few hundred feet. Siibscf|iiently, one or more deeper reservoirs 
has been found, so a field may actually Jiave many birthdays. Many 
examples are given in Chapters B and 9 of such a chronological se¬ 
quence. The first discoveries in the salt dome province were in 
shallow cap rock, followed by the findings of oil deep on the flanks. 
Many California fields, including .Santa Fe .Springs, Ventura Avenue, 
and Sunset-Midway, had successively deeper discoveries. In 1947 an 
exploratory well on the middle dome at Ketlleman Hills struck a 
flow of nearly 500 barrels of oil and more than 4 million cubic feet 
of gas j)er day from deep Eocene sands. The Rangely field of western 
Colorado produced relatively insigniricant quantilies of oil for many 
years from ris.sures in the Pierre .shak before the much deeper and 
prolific Weber sandstone reservoir 'vas tajjped. Newly discovered 
Cretaceous reservoirs northwest of Lake Maracaibo are yei another 
cxam|3le of the rewards that may follow exploration of the vertical 
frontier beneath already producing oil deposits, especially those struc¬ 
turally trapped. 

Figure 112\ shows the deeper basins and embayment areaswhere 
a great thickness of sedimentary rock remains largely unexplored. 
.Some of these deep areas have no ])roduction as yet and will be 
considered subsequently, but other areas, such as the .San Jr)a(jiiin 
ba.sin of California and the Gulf Coast embayment of Louisiana and 
Texas, do contain prciducing fields, and fonsiderable succe.ss has 
attended exploration beneath the hitherto productive zones. No one 
knows the ixaci depths to the basement rocks in these two areas, 
but the maxiinuni thickness of the sedimentary section is probably 
somewhere between 4(),()(K) and 00,000 feet. Except for an occasional 
isolated well the entire section below 14,000 feet is still unexplored. 
It will be a long time before the third dimension is adequately probed 
in both California and the Gulf Coast. The prolific Santa Fe 
Springs field in the Los Angeles basin has been explored to more than 
13,000 feet without getting below the Upper Miocene. The deepest 
well (in 1949) in the world, which was drilled to a depth of 20,521 feet 
in the Green River basin of southwestern Wyoming, did not test even 
all the possible reservoirs in the Upper Cretaceoiis.'® 

11 Dorsey Hager, “Drilling the Deep Areas.” Oil ajid Gas Jour., V'dI. 46 (Jan. B, 
1948), pp. 64-65. 

12 Albert Gregersen and Trank .S. Parker, "Prospects for Deeper Zone Production 
in California," Calif. Oil World, Vol. 37 (Scpicinlicr, Second Issue, 1914), pp. 12-21. 

Charles J. Deegaii, “Deepest Well Confirnis i'heuries of Regional Condition.s," 
Oil arid Gas Jour., Vol. 18 (Aug. 11, 1919). pp. 56-57. 
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Denison has described in considerable detail the possibilities of 
deeper exploration in the Mid-Continent basins, most of which are 
shallow in conijiarison with those of California and the Gulf embay- 
ment but yet have been inadeipiately explored. I’hc Arbucklc pos¬ 
sibilities in Kansas have been discussed by Paddleford.**' Considerable 
deep testinf^ remains to be done in the Permian basin of western Texas 
and southeastern New Mexico.^'* Only a beginning has been made 
in exploring the oil possibilities of the lower j)arl of the stratigraphic 
section in the Michigan and Illinois basins. 

It can be concluded that an appreciable percentage of the oil sup¬ 
plies of the future will be obtained fnmi beneath the oil fields that 
are being exploited today. 

UNDISCOVERED HORIZONTAL RESERVES. By horizontal 
reserves is ineaiit the oil and gas deposits lhat underlie areas not yet 
explored, rhese new areas may lie between producing fields, they 
may lie outsiilc the periphery of the current ju'odiicing districts, they 
may be oHshore on the continental shelves, or they may be in sedi¬ 
mentary basins that liavc not hitherto been productive. I’lie last is 
without doubt an important classification of future hydrocarbon sup¬ 
plies. However, it is probably more iinjjortaiu in other countries 
than in the United States, for 85 per cent of the land in which oil 
accumulatitm is possible (Fig. 220) is foreign territory, and inasmuch 
as this vast area has produced less than 40 per cent of the world’s oil, 
it is only reasonable to conclude that considerably more oil remains 
to be discovered there. This does not mean, however, that any 
immniediate decrease in discovery by lateral exploration is expected 
in the United States; we can continue to expect the discovery of an 
average of three or four new fields every day unless overproduction 
retards exploration. 

Exploring the horizontal frontier has one advantage over deeper 
exploration in that it leads to the discovery of both structural and 
varying-permcahility traps, whereas vertical exploration is likely to 
succeed only beneath structural traps. It is possible, of course, to 

14 A. R. Denison, "Deeper Drilliiif^ Pmspecls in the Mid-Continent," Am. Inst. 
Min. Mel. Etifriuecrs, Ter/i. Paper 1650 (November, 1913). 

IB J. T. Paddlcrnrd, "Kansas Operators Neglect Deep Arbuckle," Oi7 Weekly, Vol. 
115 (Nov. 6. 1941), pp. 174 el seq. 

10 Paul F. Osborne, "Permian Basin Pays Are Many and Deep." World Petrol., 
Vol. 15 (March, 1944), pp. 4'M9. 

17 Alfred H. Bell and M. M. Leighton, "Pro.spects for Oil Discoveries in Illinois 
beyond Proved Areas and from Deeper Horizons," III. Geol. Survey, Circular 150. 
1949. 
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discover a stratigraphic trap by random drilling beneath any type ol 
oil accumulation, but success in such drilling is more often the resuh 
of luck than of logic. 

It has been stated earlier in this volume that structural traps are 
easier to find than stratigraphic traps, and therefore it is reasonable 
to assume that a higher proportion oI,stratigraphic traps remain to 
be disiovcred by further exploration. Levorsen believes strongly 
that much of the future oil will come from newly discovered varying- 
permeability traps. Heroy shows that the wedge-out type of trap 
is largely confined to the sedimentary basin rims, whereas the structural 
type can be found far down the flanks and, in fact, very close to the 
bottom of the basin. However, it is true that the pinchout trap, 
because of the large drainage area down-dip, may impound great 
quantities of oil, as shown by East Texas, Cutbank (Montana), and 
the fields on the east side of l.ake Maracaibo. 

Reserves within Producing Basins. Not only is all the 80-billion- 
barrel proven oil reserve of the world confined to the currently ])ro- 
duciiig basins but so also is most of the new oil that will be founil 
in the neur lutiire. I'his statement is based upon the fact that most 
of the successful wildcat wells completed in the United States arc 
located beiween fields already producing. A lesser number of the 
new fields extend the periphery of the producing area within a sedi¬ 
mentary basin. Relatively few new fields are discovered annually 
by the exploration of liitherto unpnxiiictive basins. J’his is discussed 
in a subsequent section. 

riie opportunities for discovery of lu^w oil fields by interpolation 
and extrapolation within jjroducing basins are, of course, world wide. 
Of the four great depre.ssed segments described by Ihatl,-'* three are 
productive, and the fourth, the Arctic basin, is being exj)lored by 
the United States and by Ricssia. The three mega-basins that are 
productive are Oceania, north and northwest of Australia; the eastern 
Mediterranean-Middle East-southern Russia basin, occupied in part 
by the Red, Black, and Caspian seas; and the depressed segment 
between North and South America, occupied in part by the Gulf of 
Mexico and the Caribbean. In addition to these intercontinental 

18. A. 1. I.cvorsen, “Esiimaics iif L'lidiscoveied Peiruleuni Reserves," Mines Mtifr., 
VdI. .Sfl (neceiuber, ISin), pp. 17 et serj., and many nlhcr papers. 

18 William B. Heroy, "Oil for the riiliirc," Ernn. (leoL, \’ol. 39 (Dceciiiljer, 1944), 
pp. 593-599. 

-0 Wallaie E. Prall, "PeirDleiiiii Resources," Am. Scientist, Vol. 32 (April, 1911). 
pp. 120-128. 
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basins, there are the smaller, but none the less prolific, basins entirely 
superimposed upon the tontineiits. 

Within the United States-^ there is a close parallel between current 
output for each ol the jjiodurtive sedimeniary basins and the discovery 
rate. An even closer parallel exists between proven reserves and 
present and probable future discovery rate. For example, the greatest 
number of new discoveries are beiiij^ made toda\ in west Texas, where 
both the current producLit)n and the proven reserves are large. Con¬ 
versely, the discovery rale is low in the older disli Ids, where production 
and pro\en reserves have declined to far below their ])eak. Ihit it is 
not possible to eliminate any area Irom poteiiMal discoveries. Even 
in the relatively old oil-producing districts of Lima-1 ndiana and 
Venango County, Feinisylvania, new held dis(f)vcries are still being 
made. 

T he oil fields of the future are by no means confined to the districis 
of greatest discovery at the present time. Such inadeipiately explored 
basins as the Anailarko -- in western Oklahoma and the San Juan -■'* 
in the Southwest ttmlain many of ihe oil fields of the fulure. Camsid- 
erable areas of the Ciulf Coast tMiibaymenl are as yet largely unexj)lored. 

Heck favors exjjloration in New ’^'ork State east of the present 
area of oil produc tion. Here are to be foiinil the same succession of 
strata as are productive to the west, but probably not loo meta¬ 
morphosed. Practically no tests have been drilled. Fliis is perhaps 
an example of misajiplitation of the carbon ratio concept stifling 
exploration. 

Many new oil fields remain to be found in iiroducing basins in 
other countries and on other continents, inchicling Alberta,-"' South 
America,-” U.S.S.R.,-' and other parts of Euro|je, Asia, Africa, and 

21 I'rjjiik n. Tavlor, “I roiiiiLTs tni llii* AVililrailL'i, ’ hnlrpcnrlrnl PriroL Auoc. 
Aw. Mnnfhly fApril, .May, jiiiu*, iniri) (Rupiiiil); .Sfisiiin^Mapli Sirrvirc CnrpDralion, 
‘‘Kxplnralimi Scrviie " (imiipilL-tl liv llie Oil niid Gnx Jniir., Jllll). 

22 Robeii R. AVhccler, ‘ Aiiailaiko Bii.siii anil Oil rossihililiES.” World 

Oil, V'nI. 127 (Sept. 22, JDIT). pp. 3H vt serf.; anil Vnl. 127 (Sept. 29. 1947), pp. 33 

vl sf^q. 

2^ Frank C. UarnE.s, “San fiian fla.sin F.vcil by Several OpEialiirs and liulcpciul- 
nils,” Oil and Gas Jour., Vnl. 17 (.May 27, 191H), pp. 7.3-77. 

24 F. T. Heck, “PossibiliOes of Oil and Gas in \cw York,” Petrol. Engineer, 

IH (August, 1917). pp. Ifi3-I72. 

25 riieodniE A. Link, “Alberea’s Oil Development and Problems,” World Oil, 
Vnl. 129 (July 1, 1949), pp. 20ri-209. 

211 John L. Rich, "Oil Possibililie.s of .Soiuh America in Che Lif^lit of Regional 
Geology. " Bull. Am. A.ssoe. Petrol. Geol., Vol. 29 (May. 194.5), pp. 49.5-563. 

2T F. Juliii.s Fobs, “Oil ResLM\e Priiviines of Middle East anil .Soiitbcrn Soviet 
Russia,” Bull. Am. A.i.soc. Petrol. Geol., Vol. 31 fAiigiist, 1947), pp. 1372-13B3. 
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Occ:ania. Syria, lor example, lies in the same sedimentary basin that 
is so productive elsewhere in the Middle East, but as yet it contains 
not a single field. 

Reserves beneath Continental Shelves.^" All production today from 
lienealh 'cdhtmeh shelves is merely an extrapolation of onshore 
jjrodiicing areas; no new oil provinces have been discovered as yet by 
ollslvore drilling. California has been producing oil from the conti¬ 
nental shelf for many years. Development of these accumulations 
has been both by drilling from piers extending out into the ocean 
and by directionally drilled wells along the shoreline. 

Thv most recent activity has been on the Ciulf Coast of I'exas and 
Louisiana, especially in olfshore Louisiana. Even before the first 
discovery in the open waters of the Gulf, oil w^as being produced in 
areas only recently landlocked by the deposition of sediment at the 
mouth of the Mississippi. Many of these wells were drilled in bayous 
that rccpiired underwater drilling in the same way as the offshore 
ojjerations but without the storm-wave hazard. Oj)en-w’ater drilling 
has been carried on fcjr many years in Lake Maracaibo, Venezuela. 
Lhe greatest seafloor depth in which exploration has taken place off 
the Louisiana coast is 50 feet, but w^ells have been put dowm in Lake 
Maracaibo, where the depth of the bottom has been as great as 100 
feet. New ef|uipment is being planned in California for working in 
as much as .^50 feet of w^ater.'*” The w’ater depth at the edge of the 
shelves bordering the continents is approximately 100 fathoms,'’^ or 
fiOO feet, but no ecpii|)ment is available as yet that will permit explora¬ 
tion of the entire continental shelf zone. 

liy fan. I, 1050, nine oil fields and eleven gas and gas-condensate 
fields had been discovered in the post-war ex]:)loralion of the Gulf 

Anuii., "Syria Uciuiiius Hoi Spot of MiiliUc East Oil,” World Oil, Vol. 129 
(May. 1919). |)p. 2.^2-234. 

Eiiiory N. Kcmlcr, Bibliography on Offshore Petrolrujii Dnielopment (approxi- 
iiialfly l()() lilies) (.Soiilliwcsr ResEarch Institute, Houston-San Anloiiio, Texas, 19-1.9); 
0[J.\hore Drillitig Operaiinns in the Gulf of Alf.xiro (assemhleil reprints from vari- 
(uis joiiinals) (l/aii;;liani, Laiigslrm anil lUirnett, Houston, 'f’exas, 1919, supplements, 
19.^>n): J. R. l.aiiiiiL'r, Jr., “Tlie Search for Oil on the CDiilineiital Shelf,” World Oil, 
\'tjl. 129 (l)eccinlier, 1949), pp. 50 et seq.; Wallace E. Pratt, “Petroleum on the 
Coiiiineiilal Shclve.s,” Bull. Atn. Assoc. Petrol. GeoL, Vol. 31 (April, 1947), pp. 
057-072. 

Roliert Hanvick, “Deep AValcr Drilling," Oil and Gas Jour., Vol. 48 (Jan. 26, 
1950), p. IGl. 

■'‘1 W. E. Wrather, "Siaiement Made during Hearings before a Special Committer 
Investigating Petroleum Resources,” Itwesligation of Petroleum Resources (Govern¬ 
ment Printing OITice, Washington, 194.5), pp. 360-372. 
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of Mexico. All these discoveries were made in oHslioie Louisiana. 
Considerable doubt has been cast upon ihe etnnoniic leasibiliiy of 
exploiting such deposits.^- The oil fields eiinenily are producing 
about 5500 barrels per day, which is only 1 |)er cent of ihe l^ouisiana 
total. All the gas and gas-condensate fields are shul-in, owing lo the 
tlilficulty of marketing oHshore gas, but plans are under way (June. 
1950) to tap at least one field with a submarine gas pijjc line. T he 
development costs are about three times wlial they aie on laud, mainlv 
because of the expense of constnirting the ilrilling jilatrorm. I his cost 
is o/Tsct in part by the considerably smaller jjenentage ol wildcat Avells 
necessary so far to discover oil, in comparison Aviili ihose thal are 
necessary onshore, where all the more or less obvious striii iiiral Lra|)s 
were tested long ago. But even after oil has been discoxeied, the 
])rodiu:tion costs also run aliout three times what ihey are on land. 
For these reasons, the oil industry is curreiiLly gelling back only about 
10 per i:ent of the money it has invested in oil shore exploration and 
exploitation. 

The continental shelf beneath the waters of the Gulf of Mexii'o idii 
tains about 200,000 stjuare milis.'*'^ About one fourth of this lolal lies 
olf the l.ouisiana and Texas shorelines. Most of ihe trapping in the 
shelf area is in either piercement or deep-sealed salt domes, just as it 
is in the adjacent fields onshore. However, llic Creole field, illustrated 
in Chapter 8 (Fig. fiti), is an fjllshore field in which fanlling is resj)onsi- 
ble for oil accumulation. 

The exploration method of continental shelf jnospecting tends to 
be the same as that on the nearby land areas. 'Flius, in C^alifornia 
divers have been inslrucied in the use of the Brunton compass, and 
the structure of the seafloor bed rock has Ijeen majjped in this manner. 
In the Gulf Coast, on the other hand, geophysical prospecting is used 
offshore as well as onshore, and at a cost little, if any, greater. If it can 
be assumed that the offshore leases mark salt domes discovered by 
geophysical surveys, then there arc at least 87 known salt domes 
off the Louisiana coast and 33 off the 1 exas coast, a total of 120.^^ 
In addition, there arc 164 topographic features determined by contour 

32 Leigh S. McCaslin, Jr.. "OfFshorc Loss," Oil atul Gas Jour., VdI. 48 (Jan. .5. 
1950), p. 32. 

33 Dean A. McGee, “Continental SHeIF Exploralion OtF Louisiana anti ’I'exas," 
Am. Assoc. Petrol. Geol., Program Annual Meeling (1919), pp. 10-11. 

34 J. Ben CarsEy, “Geology of Gulf Coastal Area and Coniinciual Shelf," Dull. 
Am. Assoc. Petrol. Geol., Vol. 34 (March, 1950), p. 38.5. 



616 


Future Oil Supplies 

ing the floor of the Gulf of Mexico that are probably salt domes also, 
making a grand total of 284 possible underwater oil traps already 
known in this area. Of this total, only a few have been tested, and 
the proportion of discoveries has been high. 

The conclusion appears justified that the density of prospective oil 
fields is just as great on the continental shelves as it is in the adjacent 
land areas. Therefore, wherever oil-producing districts reach the 
shore, on any continent (for continental shelves are universal although 
of widely varying width), an oil reserve can be assumed for the con¬ 
tiguous oflshore area. Whether exploitation is economically possible 
depends entirely upon the price of oil; a potential reserve becomes 
an actual one when an excess of demand over supply creates a shortage 
that increases the price to the level necessary for development. 

Reserves in Sedimentary Basins Which Are Not Yet Productive. 
Since the earliest days of the profession, jietroleum geologists have 
enjoyed looking into the crystal ball in an attempt to del ermine the 
oil provinces of the future. The possible fiilure oil provinces of the 
United States and Canada have been the subject of two symposiums 
of the American Association of Petroleum Geologists.^® In addition 
to the participants in these symposiums, many other geologists have 
written articles on the j)ossibilitics of finding oil fields in sedimentary 
basins not yet productive. Some of these will be referred to in the 
following paragraphs. 

The Arctic basin (Fig. 220) is the only one of the four intercontinen¬ 
tal basins described by Pratt that is not yet a major source of oil. 
This structural depression is occupied by the Arctic Sea and the north¬ 
ern extremities of the North American, European, and Asiatic con¬ 
tinents and the circumpolar archipelagos. Fhc continental rim of 
the depressed area contains oil and gas seeps in various places, includ¬ 
ing the vicinity of Point Barrow, Alaska. Exploration in this area 
(Chapter f)) has resulted so far in one gas well. Similar oil seeps have 
been found in the Canadian Arctic and along the north coast of 
Siberia. It is believed that the Russians are actively exploring their 
Arctic possessions for petroleum at the present time. 

35 "Possible ruiiire Oil Provinces of the United Slates and Canada," Dull. Am. 
Assoc. Petrol. Genl., Vol. 25 (August, 1941); ‘‘Syni|jnsiiim on Possible Future Oil 
Provinces of North .America," Am. Assoc. Petrol. Oeol., Program Annual Meeting 
(1950). 

38 Wallace E. Pratt, "Our Petroleum Resources," .Am. Scientist, Vol. 32 (April, 
1911). p. 126: Wallace E. Pratl, "Distribution of Petroleum in the Earth's Crust,” 
Bull. .Am. .A.ssor. Petrol, (wrol., Vol. 2ft (October, 1944), pp. 1506-1509. 
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The Atlantic coastal plain contains three sii])eriniposcd basins in 
Maryland, eastern North Carolina, and southwestern Georgia that 
liave not yet been thoroughly explored. Nortliern Florida is possible 
future oil-producing territory in spite of many unsuccessful tests. 
Alabama is occupied in part by the largely untested Black Warrior 
basin in the Paleozoic rocks in the northwesterii part of the state; 
in addition, there are, of course, possibilities of lurtber coastal-])lain 
discoveries east of ihe Gilbertown field. 

One large basin, the Williston, which cn\eis parts of Nebraska, the 
tw^o Dakotas, Wyoming, Montana, Saskaicliewan, and Alberta, has 
excited considerable interest but is still largely untested.^" Most of 
the Rocky Mountain basins “ conlain oil fields except the Colorado 
River salt basin, in southeastern Utah, and ihe Black Mesa basin, 
mainly in northeastern Ariziina.^- Some atiention is being paid to 
the oil possibilities of basins marked by lava flows. Fxploration is 
fairly active in Arizona. The basin and range province of western 
Nevada is also getting a play. Some of ihe valleys in this area have 
been described as geologically similar to parts of C^alifr)rnia that pro¬ 
duce oil.^3 

Several opportunities exist in California for the discovery of oil in 
new provinces, especially in the wedge-shaped basin re-entrants into 

Riilr.inls, "The AthuUii: ('.riasial I*l;iiu, Jls CicDln(;y mill Oil Pnssi- 
hililies," JY'oyld Oil, Vnl. 127 (.Sept. 15, 1.017), pp. -11 rl .vrr/.; 1’. M. Swiiin, “ I’wn 
Kcrciit Wells in CiKi.sliil Thiin of Noilli Cmolinu," Hull. Am. Assnr. Pcirot. OettL, 
Vol. 31 (\ijvrniljer, 1017), pp. 20.^1-2000. 

John D. Toihl, "Noilh Flnriila IToviiir.e Is (•L'r)h);;ii:illy Allrarlive.” li'o»7f/ 
PelroL, Vol. 17 (March, 1016), jip. 11 el seq.; Mis.s. (ieul. Soc.. To-ssihle 1 uiiire Oil 
Provinces of Soiiihcaslern IJ. S.,” Bull. Am. A.f.soc. Pr/rol. OcoL, Vol. 25 (Aii^iisl, 
1041). pjj. 1.57.5-15H6. 

Waller B. Jones, ‘ Alalimiia: lls Geolo^^y anil Oil Pii)s|)ecls," Oil WeMy, Vol. 
120 (Jan. 11, 1046), pp. 51 el seq. 

4“ Tulsa tieol. .Soc., "Possible l uiiire Oil Proviiues of Northern Miil-Cnnlincnt 
States," Bull. Am. Assor. PelroL GeoL, Vol. 25 (Aiif^ust, 1011), pp. 150H-I512; 
William Norval Ballard, "Rcfrional (;colo^ry of Dakota Basin," Bull. Am. A.uoc. 
Petrol. Ceol.. Vol. 26 (OLloher. 1012), pp. 1.557-I5H1: Ray V. Heniien. "Tertiary 
Geology and Oil and Gas Pro.spects in Dakota Basin, North Dakota," Bull. Am. 
A.\\wr. Pelrol. GeoL, Vnl. 27 (December, 101.3). pp. 1567-15.01; Wallace E. Pratt, Oil 
in the Earih (Univ. Kalis. Pre.ss, 1012), p. 13. 

Rocky Mountain A.ssoc. Pelrol. Geol., “Pn.ssible FuUire Oil Provinces in Rocky 
Mountain Region,” Bull. Am. Assoc. Petrol. Geol., Vol. 25 (August, 1041), jjp. 1160- 
1.507. 

4- Gail F. Moulion, "Oil Prospects in Basin .Areas," World Oil, Vol. 128 (March, 
1040), p. 62. 

43 Frank B. Tavlor, "Fronlicrs for the Wildcatter,” Independent Petrol. Assoc. Am. 
Monthly (April, May, June, 1015) (assembled reprint), p. 5. 
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the Coast Ranfje. One sueh synclinal valley, the Salinas,^'* has recently 
entered the oil-piodiicing column (Chapter 9). The great Sacramento 
Valley, north ol San Francisco liay, has some commercial gas produc¬ 
tion, and therelorc it is a decided prospect as a future oil province. 
Sedimentary basins in western Washington and Oregon *'• contain oil 
and gas seeps that have been known for many years, but sporadic 
testing has so far been negative. Alaska has two large and several 
smaller basins thal are largely untested, in addition to the Katalla 
field and the Arctic rim described in Chapter 9. Canada, besides the 
producing basins of the northwest plains and southwestern Ontario, 
has oil anti gas possibilities in the Maritime provinces. This sedi¬ 
mentary basin has one small oil field, the Stony Creek; repeated testing 
has failetl so lar lo find a second field.^^ 

Lower California, in the o|)j)osite corner of the continent, contains 
three basins of dejjosition on the west slope of the peninsula.^® A thick 
section of carbonate rotk underlies the Bahama Islands, but one deep 
well drilled there recently failed to find any encouraging signs of oil. 
Sedimentary basins also occur in Cuba (Chapter 9) and on other islands 
of the West Indian archipelago, but excej)t for Cuba no oil production 
has been found as yet. British Honduras and northern Guatemala 
are occupied by the south rim of the great Gulf of Mexico sedimentary 
basin. The only oil proihution on the south side of the l)asin is in 
the Isthmus t)f rehuantepec district in Mexico. Parts of Nicaragua 
and Costa Rica are also underlain by basin sediments. Fhese pro¬ 
spective oil provinces are largely unexplored. 

f ile .Sulj-Aiideaii basin of .South America, although containing a few 
fields in the Salta-C/amiri area of Argentina; Brazil, and Bolivia, and 
the Agua Calicnte field of Peru, has been barely scratched.'^'* The 

K. kilkiMiiiy, :iiiil FA|iloi'atiDii tor Oil in Salinus Valley, California,” 

Hull. Am. As.suc. Pvliul. Cicol., Vol. 32 (Dcctinber, lOIS), pp. 22ril-22tiS. 

■‘fi Hainploii Siiiilli, ‘‘Oil anil Gas Prcisperls of Washington ami Oregon,” Bull. 
Am. .-l.v.vur. Petrol, lieol., Vul. 31 (DcLcmlici, 1D47), p. 22U); Charles E. Weaver, 
“titMilngy ol OregDii anil Washiiiglon anil lis Relation to OiciirreiiLe of Oil ami 
Cas,” Bull. Am. Assoc. Petrol. Geol., V'lil. 2D (Ociober, Un5), p|3. 1377-1415; Paeilit: 
Seetioii, Am. Assoc. Petrol. Cieol.. ‘'Po.ssihlc iutiire Oil Pioviiices of Paeific Coast 
Siali’s,” Bull. Am. Assoc. Petrol, (-eol.. ^'ol. 25 (August, 1911), pp. 1457-1461. 

Philiji H. Siiiiih, “Possible l‘iilure Oil Provinces in Alaska,” Bull. Am. Assoc. 
Petrol. Geol., Vol. 25 (Aiigiisl. 1911), pp. 1440-1446. 

'■ (ienl. Survey ol Canaila, Qiieber lUir. Mines, anil NewTimndland fieol. .Survey, 
Pii.ssible rmure Oil Piinimes iit l-.asLcrn Canada," Bull. .lin. Assoc. Petrol. Geol., 
Vol. 25 (.August, 1941), pp. 1539-1562. 

C;. H. Ileal, “Reioimai.ssame of the Geology ami Oil Possibilities of Baja 
Calilornia, Mcxiio,” Geol. Soc. .tm.. Memoir 31 (Uccember, 191H). 

>!' Iiilm L. Rich, "Oil Pos.sibilitics of .South America in the Eight of Regional 
(.eiiliigy,” Bull. Am. .Is.wc. Petrol. Geol., Vol. 29 (May, 1945), pp. 495-563. 
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same is true for the soulliwestern jDiirt of ihe Orinoco (Apiirc) basin, 
which covers a large area in souihwesicrn Venezuela and eastern 
Colombia. Two large basins in Brazil are virtually unex})lored/" 
One of these is the Amazon trough, and the other is the Piaui basin, 
which lies between the Amazon trough and the producing Bahia basin. 

Many sediiiientaiy basins in Europe contain not a single oil held 
and yet they are prospective future oil pioviiues. One such basin 
covers the southern end of England; aiioiher is the large Paris basin 
of norlhern France. Spain has three basins, and Portugal one. 
Even the northern half of relatively tiny Switzerland, crossed from 
east to west by a si'dimentary basin, is assumeu to have possibilities 
for commercial oil ju'oduclion.'^^ 

By far the greatest area of unexploreil sedimentary basins is in Asia 
(Fig. 220), espetially in Siberia and China. If the assumption is 
crnrect that the ultimate yield of oil is propoitional to the area of 
basin sediments, then a considerable share of the world’s loial eventual 
oil output remains to be discovered in this vast territory. Only in 
the Ferghana and Khaudag districts of southwestern Siberia and in 
the Yumen district of wesicrn China has there been any tleveloj)ment 
of the hydrocarbon resources. I’o the north and northeast of the 
Ferghana district, beyond the Karaganda uj)lift, are the great Siberian 
basins, which extend from the Urals lo the Pacific and from Mongolia 
to the Arctic."'* Eastern China (ontains nearly a dozen sedimentary 
basins of varying size, all virtually iion-pi odiictive at present, and 
in the province of Sinkiang in western CJiina is the largest basin, 

liu Avcliiiii Ignacio itc Oli>fiia, “Ilra/il Has i;xii!iisi\c Siiliiiu-iilai a An-as l*avnr- 
alilc lo Acruiiiiilalioii of I’eliulrmii," Oil fnitl Viil. -Ki (|an. ITi, 

pp. '1K-.^0; V'inor OppL’iilicim, “Ilia/il's Oil,’ Oil \\tu'lily, \ ijl. 117 (April !J, llMf)), 

pji. 60-()2. 
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viuucil by Oleii M. Ruby, liiill. . On. Assor. rrlrul. (A'ol., A'nl. 3‘I (Nri\ ciiiIil-i , 1919). 
pp. 1910-1911. 

53 J. Kopp, "The Search for Oil in .Swilzeiianil,” IVorhl Oil, Vol. 129 (May, 1949), 
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54 Dimitry A. Shanazarov, '‘Peirolciiiii Poiblein ot SihL'i ia. ' lUtll. Am. Asxoc. 
Petrol. Geol., \d\. 32 (FEbruaiy, 191H), pp. 153-197; Wallace Plan, ‘TJiiilisinvereil 
Reserves Equal lo Those Already ^'ound Held Probable. " Oil and (ifu Jofir., \’ol. 
42 (Dec. 30, 1943), p. BO. 

55 J. Marvin Weller, “Pelroleum Po.ssibililies of Red Jlasiii of S/eiliuan Proviiiee, 
China,’’ Bull. Am. Assor. Petrol. Geol., Vol. 2H (Oilober, 1914j, pp. 1430-1439; 
Frederick G. Clapp. "China,’’ Science of Petroleum (Oxford Univ. Press, 1938), 
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already productive at the eastern end, whirh may well be one of the 
great petroleum provinces of the future. 

Scattered islands in the Philippine archipelago are i^overcd in part 
by sedimentary basins, and the discovery of oil in this area is by no 
means an impossibility. Oil and gas seeps have been found on at 
least six of the islands. 

Unlike Asia, only a relatively small jjart of the African continent 
is covered by a veneer of sedimentary rock, but the basin at the 
northern end contains a few oil fields, and the smaller basins else¬ 
where, esjjecially around the jjeriphery of the continent, are also 
thought to have jjetroleum possibilities."’" The oil possibilities of 
Klhio]jia are currently being explored not only by geological investi- 
gatir)!! bill also by the actual drilling of wildcat tests.""" 

1 he continent of Australia contains two large basins, and at least 
three smaller basins ovcrlaji upon coastal areas. Much lime and effort 
have been spent since World War 1 in an altempi to develop com¬ 
mercial production on this conlinent but with virtually no success 
as yet,®“ 

TECHNOLOGIC RESERVES 

INCREASING THE PERCENTAGE OF ULTIMATE RECOV- 
ERY.oo A major reserve is the liquid hydioc arbon still left in the 

Juan .S. I cvL’s, “Oil rossihiliiit's in llie IMiilipiiincs,” U’orld Oil, Vol. l.HO 
(Marrh, IRriO), pjj. 207-20!); AVallatc E. Prail, "I’nssilili* Pclrnlcum Reserves of 
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Oil, \'nl. I'lO (.Marrh, 19.50), pp. 210-211; f'.nrl rL-irherl, “Slrali^^rapliy of Wcslerii 
Aiiscialia,” Hull. Am. A.ssoc. Petrol. OcoL, Viil. .M (faniiary, 1917), pp. 1-70; W. G. 
Wiu)lnon;*h, ".Auslralia, " .S’r?>7irp of Prfrolrinn (Oxford Ihiiv. Pi css, 193H), Vol. 1, 
pp. I2I-I29. 

»» Morris Miiskal, ".Secondary RerovLTy," Phy.\ir(tl Prituiples of Oil Production 
(McCiraw-Hill, New York, 1919), Chaplur 12, pp. fil.5-7.S7: Paul D. l orrey, "Sec- 
undary Mclhnds for Tnrreasin;; Oil Recovery,” P.lvmcnis of the Petroleum /nr(M.vnY 
(Ain. Insl. Min. Mel. Engineers. New York, 1910), Gliapter 13, pp. 2K9-309; Secondary 
Hecom’ry of Oil in the t/nib'// States (.Am. Pelrol. Insi.. 2nil edilion, 1,950); H. C. 
Miller and Ren E. Lindsly, “Report on Pelridenni Develo|jmciil and Production,” 
Petroleum Inveslifrations (l.f. S. vSupcrinienilenl of Docunicius, 19.34), pp. 1193-12M; 
Oscar E. Spencer, Secondary Recovery of Oil (Pennsylvania Stale Gadlege, Slate 
Collci^c, Pciiii., 1919): A. E. Sweeney, Jr., “Secondary Recovery,” Mines Mag., Vol. 38 
(ncccinbcr, 19 IH), pp. 80-81; S. E. Shaw, "Increasing the Mliinate Recovery of Oil,” 
Am. Inst. Min. .Met. Engineers. Tech. Pub. 358 (1,930). 
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reservoir rock when a field is abandoned OAviiig to exhaustion of the 
oil that can profitably be exlractcd by wells. In some ol the older 
fields, exploited belorc the developiiieiit ol modern product ion 
methods, as much as 80 per cent of the original ])etrolcum may still 
be in the reservoir. Various protediires ha\e been devised lor the 
purpose of extracting this oil; they are known collectively as “secondary 
recovery” inelhods. In older fields, such as the Biadlord, of Pennsyl¬ 
vania and New York, secondary recovery can be expected to produce 
ultimately as much oil as was originally obtained by naliiral flow and 
pumping. rhere are no doubt many areas where the reserves r)f 
abandoned oil in the reservoir are at least as gr^at as the oil already 
produced. 

Modern production methods, especialiy ihe maintenance of pressure 
in the reservoir, result in a inuch highei penentagc of ultimate re¬ 
covery and, conversely, a lower percentage of residual oil left under¬ 
ground. Muskat has |)ointed out that, “from a j)hysical j)oint of 
view,” secondary recovery operations “may be considered simply as 
an extreme form of delayed [nessuie-inainienance operation. In fact, 
in contrast to the more common tyj)e of so-called ‘pressure maint(‘nance 
operations,’ which generally result only in jn essiire-decline retardation, 
with an incomplete replacement of the s])acc voidage created by the 
fluid redrawals, there is usually some build-up of reservoir pressure 
in secondary-recf)very gas or water injection.” ''' 

Nine or ten different methods of secondary recovery have been 
investigated. Two methods an? being used widely today in the United 
States: gas rej)ressiiring and water flooding, which are described in 
later paragraphs. Although originally invoked to stimulate or revive 
production as a field apjiroached abamhjnment, there is a growing 
tendency to dovetail one or the other of these methods with the 
normal production procedure, beginning early in the life of a field. 
For example, recyiling the gas to maintain reservoir pressure may 
obviate the necessity of installing gas-repressiiring et|uijjnieni later, 
and the return of oil-field brines to the reservoir as a conservation 
measure at the same time assists the natural water drive. A third type 
of secondary recovery, oil mining, is strictly a salvage method and 
can be carried out only after exploitation by drilled wells is no longer 
profitable. Oil mining is practiced commercially in Europe but not 
as yet in the United States. 

61 Morris Muskal. "Sutoinlary RuLovery,” Physical Prhiciples of Oil Production 
(Mt(;ra\v-Hill, Ncu York. MlUJ), p. 
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Amonf^ other secondary recovery methods that have been tried 
comnierdally or eNperimcntally are vaaiuni pumping,”^ hot water 
injection, and repressurinjj with carbon dioxide or nitrogen. A longer 
life has been given some wells, about to be abandoned because of 
large water yield, by installing centrifugal pumps which can raise a 
great quantity of fluid at a cost low enough so that operations can 
continue.”^ A suggested method of secondary recovery is the use of 
bacteria.Some bacteria arc able to liberate oil from oil-containing 
sands. Experimentation has been carried out at Bradford, Pennsyl¬ 
vania, on possible commercial applications of bacterial release. 

The choice of a secondary recovery method is dictated largely by 
the geologic environment of the oil deposit. Water flooding is best 
adapted to sands of fine texture and hence relatively low permeability, 
Avhereas gas repressiiring is at its best in coarse-grained, highly perme¬ 
able sandstone and in porous limestone.'^® Underground mining can 
take place as a prr)fiLablc venture only where the oil is not amenable 
to extraction by surface methods of seccjndary recovery and where 
the reservoirs lie at shallow depth. 

Gas Repressuring.The repressuring of oil formations by the 
injection of gas was first tried in Ohio in the early years of the century, 
but il was not attempted on a large scale until the middle 1920’s, when 
many plants w'cre established in Kansas, Oklahoma, and Texas for 
the j3iirpose of rejjrcssiiring depleted oil fields. The usual procedure 
is to take over as input wells the bore holes that enter the reservoir 
rock at the structurally highest point. Gas is comjiressed at the sur¬ 
face and injected into these wells, where it both rebuilds the depleted 
gas cap and goes into solution in the oil, thereby greatly increasing 
the oil’s mobility. The combination of the pressure exerted by the 
gas cap and the increased liquidity of the fluid accelerates the move¬ 
ment of the laggard oil into the output wells which tap the reservoir 
below the gas cap. In some places, the output wells flow under the 

u-H. II. Hill, Kcnneih H. Jnlinslun, T. L. Cnlcman, anil J. M. Seward, "West 
Red River l icld, Oklaluima/' Oil and Gas Jour., Vol. 47 (April 7. 1919), pp. 70 et seq. 

Vii ior KolsrliuiiliL'y. "New Type Seiiiiidary Recovery in Dupo, Illinois Field,” 
0/7 and Gas Jour., \’ol. -10 (IMarrli H, 1912), pp. 39—10. 

m C'.laiidc F. Zollell, "naeieiial Release of Oil frOTn Oil-Bearing Materials,” 
Oil, Vot. 126 (Aiig. 25. 1917), pp. 36 et seq.; Vol. 127 (Sept. 1, 1917), pp. 35 
vf seq.; C'Jr.irles ]. Deccan, ■'FlTecl of Bacteria on Oil Produclioii," Oi7 and Gas 
Jour., \’nl. 16 fjiinc 21, 1917), pp. 7H et seq. 

Paul 1). 'I'oiTev, "Sceoiutary Methods for Increasing Oil Recovery,” Elements 
of the rvtroleuni Industry (Am. Inst. Min. Met. En[»ineers, New York, 1940), p. 290. 

on S. F. Shaw, "Oilfield Repressiiring,” Scienre of Petroleum (Oxford IJniv. Press, 
193H), Vol. 1. pp. 577-5R2. 
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stimulus of gas injection, but usually they rnniiniic to punip, alchougli 
with increased yield. 

The return of gas to the leservoir lui secondary recovery, |)ressiivc 
maintenance, and lilting operations has become so prevalent in 1 e\as 
that more tlian one-louiLk ,oI tht: iialuxal .gas pi tiJucxrd-during iUiU 
was reinjected into the reservoir.*'" 

Water Flooding.**® The benelicial ellects ol watei' llooding were 
discovered, accidentally, at Bradlord, Pennsylvania, fhii ing the chrsing 
years of the last century, when water Ironi shallow aipiilers gol iiihj 
the oil reservoir rock by way of aliandoneil wells and increased 
markedly the production of nearby oil Avells. MoAvevir, waler drive 
by design remained illegal in that state until 1!)1!1. Since then, great 
strides have been made in the Bradfoid pool, and in oilier parls of 
the world, in pumping waler from ilu siirfaie into the reserxoir rock 
and driving the oil ahead of the water flood into ontpni wells. At least 
two techniques are eiiij)loyed. One, which has been used exlensivcly 
at Bradford, is the so-called “five spot” method, in which a water input 
well is established in the center of a s(|nare formed by four jiroducing 
wells. The other method, which is preferable in aiiiidinal acenmn- 
lations, is to inject the water into wells down-dip below the oil-walei 
interface, thereby assisting the natural water drive in forcing the oil 
up the slructurc toward its highest point. Fhe iiqinl wells may be 
"dry” holes drilled beyond the conrmes of the ai cnmiilation during 
the development of the field; they may be wells toward the outer edge 
which were originally oil wells but became waler wells as the oil was 
driven into higher parts of the structure; or they may be wells drilled 
especially as brine-disposal wells, rhe waler for llooding operations 
may be w^ater produced with the oil and thus returned to its source, 
or it may be water Irom higher atpiifers obtained Irom wells that 
were drilled for that purpose. 'Hie water usually has to be treated 
at the surface in order to remove com|)onnds in solution that tend 
to precipitate in the reservoir and clog the pores, thereby preventing 
further input. 

H7 Leigh S. McCaslin, Jr., " I'cxa.s’ Gas riili/aliun, ’ Oil rinrl (Ui.s Jour.^ Vnl. 4H 
(March Ifi, 19.50). p. .51. 

Morri.s Miiskal ami R. D- Wyckfilf, “A J liini ciiral Analysis nl Water riouiliiig 
.Networks,” Am. Inst. Min. Mf'f. Trrli. Paper .507 n!);IM): Doiialil I,. Kal/., 

"Po.ssihililics of .Secomlarv RcLiivery lor ihe Oklahoma Gity Wilrox Sami,” Am. 
Inst. Min. Met. Engineers, Tech. Paper 1100 (1911): H. K. Hnllaiiil, Jr.. "We.sl 
Burkburnen Fichl VValcrIIoiiil Projerl," Oil and Gas Jtjur., Vol. 17 (April 2H, 1919), 
pp. 88 ef sefj.; Kenneth B. Barnes, "BiKKCSt Walci IIodcI,” Oil and Gas Jour., Vol. 4H 
(Dec. 1, 1919), p. 37; John Mark Jewell, ‘‘.Siib.siirlarc Aspeils in Kansa.s Watcr- 
Flooding,” World Oil, Vol. 12H (Deceinlicr, 1.91H). pp. 112-1.52. 



624 


Future Oil Supplies 

Oil Mining.®® Although the exploitation of oil by means of open 
pits, dug wells, and tunnels extends back into prehistory, apparently 
the first systematic commercial mining of oil was carried out by the 
Germans in the old Pechelbronn fields of Alsace during World 
War I. This project proved to be feasible, and eventually three suc¬ 
cessful mines were operating in that district. The success at Pechel- 
hronn also led to mining oil at Wietze, near Hannover in north Ger¬ 
many, beginning in 1919. A German attempt during World War II 
to mine oil from the chalk reservoir of the Heide Meldorf field was 
not successful, owing in the plasticity of the chalk. Within the United 
States, the nearest apjjroach to successful oil-mining operation was 
also the oldest atlenijit. Drainage tunnels driven into an oil-bearing 
sandstone in California in 1806 yielded oil for many years. More 
recent attempts in Kenlucky and Texas have not been commercially 
su( cessful. 

Methods of oil mining can be classified into two types: direct and 
indirect. The direct method is practiced at Wietze, Germany, where 
the uppermost of four reservoir rocks is mined and brought to ihe 
surface and the oil is extracted by hot alkaline solutions. The spent 
santl is returned uiidei ground for back filling. The indirect method 
can be subdivided into three types. In one procedure, the reservoir 
rock itself is penetraicd by either drifts or horizontal bore holes radiat¬ 
ing out from a shaft. 'Phe drift method is listed at Pechelbronn and 
in the three lower reservoirs at Wietze. The oil oozes from the 
sum)unding rock into the drifts and drains into sumps, whence it is 
jjLimped to the surface. Radial horizontal bore holes have recently 
been drilled from the base of a 1200-foot shaft in the I.akes Entrance 
field in southeastern Australia (Victoria) in an attempt to obtain oil 
commercially from the sandstone reservoir rock.'^" The other indirect 
methods arc to tunnel into the beds either directly above or directly 
below the reservoir rock. If the operation is from above, slits or 
narrow channels may be cut into the reservoir rock through which 
the oil will drain.'^ If drifts are driven below the reservoir rock, 
the oil could be tapped by holes drilled upward. Obviously, of 

“w .A. K. Ciiiitlicr, "Oil Miniiif^ in Eiiro|iE,” Petrol. Engineer, VdI. l.ij (May, 194H), 
pp. 71 et sftf.: John L. Rich, "Mining for Oil," Mines Mag., Vol. 27 (May, 1D37), 
pp. 23 et srfj.; ficorge S. Rice, "Mining Petroleum by Unilergmiind Methods,” 
U. S. Itiir. Mirir.s, Hull. 351, 1932. 

L. (i. Weeks, "Highlights on 1948 Developments in roreign Petroleum Pields,” 
Hull. Arn. Assnr. Petrol, fieri/., Vol. 33 (June, 1949), p. 1122. 

71 John I.. Rich. op. cit. 
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course, underground mining of oil is not without considerable fire and 
explosion hazard. 

rhere are many shallow oil fields in Ll\e Vlniied Stales 'which have 
been abandoned but in which a large amoiiiu of nil remains. Western 
Pennsylvania and eastern Kansas contain a niiml)cr of such fields. 
When, and if, the price of oil makes mining feasible, this considerable 
reserve will no doubt be drawn upon. 

INCREASING THE PERCENTAGE OF DESIRED PRODUCT. 
During the relatively brief hislory of the ])eii oleum imhistry, m)i only 
has the demand for petroleum proilui ts increased by astronomic pro¬ 
gression but also the relative deniaml for the vaiious petroleum 
products has changed through the years. In the early days, the greatest 
demand was for kerosene, but later the aiiLoiiuihile age moved gasoline 
into first place. At the present lime, the demand for Diesel fuel and 
furnace oils is rising rapidly. Under straight-run refining there was 
little or no flexibility in the proportions of jjelroleinu products ob¬ 
tained. The refinery run was based ujion the demand for the leading 
product; the surpluses that accuimilaicd in the other fraclions were 
sometimes burned to get rid of them. 

At least three times since the start of the tentury, chemists have 
developed processes that permitted considerably greater flexibility in 
the type of the refinery output. Hie first invention was the track¬ 
ing process, which increased the jiossihle gasoline yield by 150 per 
cent. I1ie second development was hyilrogenation, by means of 
which any lighter hydrocarbon, such as gasoline, can he created by 
adding hydrogen under the iniliiencc of a catalyst lo heavier carbon 
compounds. These carbon compounds may he in heavy crude oils 
or in synthetic hydrocarbons oblaiiied from coal, oil shale, or other 
carbon-containing material. A third process, polymeri/ation, permits 
the transformation of lighter hydrocaibon molecules into heavier 
hydrocarbons. 

There is no reason to believe that the chemists are through dis¬ 
covering and developing new processing leihniipies. It is entirely 
possible (if not probable) that the current reserves will he extended 
in the future, as they have been in the past, by chemical discoveries 
yet to be made. 

DEVELOPING DORMANT HYDROCARBON SUPPLIES. An 

enormous reserve of petroleum products is locked up within known 
hydrocarbon deposits that are not being utilized to their fullest 
capacity. The asphalt deposits of North America alone are considered 
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to be capable u! yielding more barrels of liquid hydrocarbons than 
the sum of the past domestic production and the proven oil reserve. 

I’he natural-gas deposits can also be considered to constitute a 
liquid hydrocarbon reserve.'^- By means of a modified Fischer-Tropsch 
syiUliesis, gas ran be converted into gasoline or Diesel fuel. About 
l'5,.50n feet of natural gas are used in producing one barrel of synthetic 
oil. One commercial plant with a capacity of about 7000 barrels of 
gasoline per day has been built at Brownsville, Fexas. Plans for a 
similar jilanl in ihc Hiigolon gas field of Kansas have been tabled, 
at least for the time being. If all the known natural gas in the Uniretl 
States were to be converted into liquid hydrocarbon, it would add 
about 12 billion barrels to our eventual oil output. However, it is 
cjuestional)le logic to consider this to be additional reserve; such use 
of natural gas would be tnerely converting one hydrocarbon energy 
supply into another, or robbing Peter to jvay Paul. 

1 he greatest single oil reserve so far discovered in the world is 
lockeil up in the heavy oil (“lar”) sands of the Athabaska Valley in 
northern All)erta."'^ Estimates of the reserve of ])etrolcum products 
in this single deposit range from 100 billion barrels to 250 billion 
barrels, riiis (oinparcs with a total known ]:)etroleum reserve of 80 
l)illion barrels for the entire w^orld. 

rite Athabaska oil sands, of Lower Oetaceous age, crojj out along 
the Athabaska River and its tributaries near Fort McMurray about 
2:10 miles northeast of Edmontem. I'he location of the deposit is 
shoAV'ii in Fig. 108. Enough oil-iinpregnated sand to produce about 
a billion barrels of oil is readily available; the rest can be obtained 
only by shaft mining. Since the oil is not fluid enough either to flow 
or to be driven into wxdls, the only feasible method of exploitation 
is to mine the sand and extract the oil from it by steam, hot water, 
or solvents. Experiments to do this on a commercial stale wTre carried 
on for some years, first by private interests and then by the Canadian 
government, but they have been abandoned. 

Knbcrl K. Wilson and J. K. Roberts, “Pelinleiini and Natural Gas; Uses and 
Possible Re|daL’eiiiciits," Srvcfily-Fire Years of Profryess in the ^^i^lernl Induslry 
(Am. Inst. Min. Met. Mngincers, New York, 1917). |iji. 73r>-7.'17: E. V. Miiiphrec, 
“ Ihc Svnibelic I'nels Piitiiic,” World Oil, Vol. 12H (Feb. 1, 1919), pp. 46-50. 

"•■‘Max W. Rail, This rasrinniing Oil Business (Robbs-Mcriill, liuliaiiapolis, 1910), 
p. 37‘1; G.. S. Hiniic, “reirnlcinii Geology of Canada,” Can. GeoL .Snnfey, Econ. 

Srrirs 11 (1911), pp. .lO-SI: K. A. ciark, "Ritiiminuiis Sands of Alberia,” Oi7 
Weekly, Veil. IIS (Ang. 13, 19-15), pp. 46-51; Dept, of Mines and Rc.sourccs (Canada), 
“Drilling and Sampling of Bitumiiioiis Sands of Northern Alberta,” Results of 
Investigations, PMZ-PHJm Pub. B26 (1949). 



C27 


The Manufacture of Synthetic Hydrocarbons 

Although they are less w'cll known than the Athaliaskan deposits, 
bituminous sand and sandstone deposits in the United Slates are 
estimated to contain a poicntial gasoline reserve of nearly billion 
barrels. Ihese deposits are principally in Ulali and California, Avith 
smaller occurrences in Alabama, Kentucky, and Oklalioma.^" v\s|)halt 
and bituminous sands are abundant in the f^oast Ranges, es|jeciallv 
at Point Arena, about 110 miles north of San Francisco, and lo the 
south in the counties of San Luis Obispo, Santa Rai hara, and Yen tin a. 
Oil-bearing sands which crop out near McKiltiick and elsewhere in 
western Kern County are additional possible sources of recoverable oil. 
Near Vernal, Utah, the asphaltic sands range in Jiickness from DO lo 
130 feet, and lor tlie last two years these sands ha\e lieen worked at 
the outcrop and treated in a pilot plant, winch may be ihe fnrei niinei 
of a small-scale extraction plant.""’ Man) of the black “oil” sands in 
the oil fields of eastern Kansas actually contain asphalt rather than 
oil, but because these deposits occur at depihs of several Inindred feet, 
they could be exploited only by shaft mining. 

THE MANUFACTURE OF SYNTHETIC HYDROCIARBONS.^ ' 
The dearth of local supplies of |)ctrolenm in western Fiirope caused 
tile establishment of synthetic hydrocarbon industries in that area 
some years ago. In prejjaration for World VV^ir II, and during the 
war, both Germany and japan developed a full-scale oil synthelics 
industry, largely from coal (Germany) and from Mambnrian oil sliale 
(Japan). 

Activity in synthetic petroleum within the United States has fol- 
low’ed a definite cycle. First there has been an oil sliortage, or al least 
a threatened shortage. This has brought abi)ut the construction of 

■^4 G. B. Shea, “niiiiiiiiiiniis Saiiils and Shales, ami Piiiiiv J)L'|)leU'il SiihsuiTarx* 
Sands as Simi ecs of Addiliniial Oil in Calirnniia,” V.uUj. Oil World, Vrd. 30 (Der.eiii- 
hcr, LmS), pp. 9-13; E. M. Spieker, “BiLiiiiiinrHis Samtslrnie Near Vernal, IJlah," 
ly. S. Gpol. Survey, Bull. H22-G (1930); Clillurrl .N. Hulmes, Kenjainin Page, ami 
Paul Averin, ‘‘Geulugy uf ihc Bitiiininous Samlsirme Depiisiis Near Siinnysidc, 
Carhnn CDunly, IJiah," U. 5. Genl. Sunfey, Oil and Gas Inve.slifralion, Preliminary 
Map 80 fHHH), and olher maps ami chares in ihis series. 

75 Anon., "Prolilahle Sand,” Oil ajid Gas Jour., Vnl. 48 fjari. 12, 1930), pp. 34—3.3. 

7B Walter M. Eiirh.s, Whefi the Oil Wells Run Dry (Imjiisirial Rcscanh Service, 
Dover, N. H., 1910); Cieorge RoherLs. Jr., and Paul R. Srliuh/, "taiiuid Fuels from 
Coal and Oil .Shale," Petrol. Teclmolofiy, Vol. 1 (Scplcmlier, 1949), pp. 24-30; A. C. 
Eieldner, “Resetvc.s of Solid I'liels," Oil and Gas Jour., Vol. 47 (March 17. 1919), 
pp. 138 et seq.; E. V. Murphree, ".Synihelii; Fuels Piclure,” World Oil, Vol. 128 
(Feb. 1, 1949), pp. 46-50: E. V. Murphrec, "Natural Gas, Coal, Oil Shale as Source 
of Lir|uid Fuels,” Mines Ma^., Vol. 38 (Dccemher, 1918), pji. 89 et seq.; K. C. Healcl 
and Eugene Ayres, "Our Reserves of Coal and Shale,” Our Oil Resources (Leonard 
M. Fanning, editor, McGraw-Hill, New York, 191.3), Chapler 6, jjp. 137-209; Robert 
E. Wilson, "Oil from Coal and Shale,” ibid., Chapler 7, pp. 210-229. 
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pilot plants lor the conversion of orj^nic shale or coal into synthetic 
hydrocarbons. The next event in the cycle has been the belated 
iliscovery of vast new supplies of crude oil. This has led to the 
temporary abandonment of activity, and even interest, in the manu¬ 
facture of synthetics. Before too long another oil shortage appears, 
and the entire cycle is repeated. Hie domestic synthetic industry is 
like the spinster with many proposals (not to mention propositions!) 
but no wedding bells. A statement made by Snider and Brooks in 
11)36, to the effect that large-scale investments in synthetic plants 
"would be (piestionablc investments so long as there are chances of 
a new oil field like East Texas reducing the price of petroleum products 
below the scale at which the plants coiihl ojierale” is as true today 
as it was then. In the latest cycle, the lamine turned to a feast with 
the great oil-bearing reef discoveries in Alberta and West Texas. 

The most successful synthetic operations abroad have used either 
oil shale or coal as a raw material. However, synthetic petroleum can 
be obtained from any carbonaceous matter, including peat,"** various 
agricultural products such as soy and castor beans, fanii waste, and fish. 

Oil Shale."'' Although both France and 8i otland have had successful 
oil-shale industries for many years, the greatest exploitation of this 
raw material was achieved by the Japanese in Manchuria during 
World War II. Sweden began making oil from shale in 19^12. Other 
countries known to have processed shale to produce oil are Estonia, 
Spain, South .\frica, and Australia. The petroleum shortage within 
the United States in the years immediately following World War I 

7T L. C. Sniilrr anil 11. T. Urcuiks, “Prnliahlc Pl'UoIliiiii Shurla^c in the United 
Slate.s, and Ml'IIiiiiIs for Its Allcvialiiin,” Bull. .hn. As.soc. Prtrol. Gcol., VdI. 20 
(jaiuiary, HtSfi). p. 111. 

7H llrrtrarn V. Lin/, "I.ii|nid Fnd from Peat,” Oil aud Gas Jour., Vol. 4R (April G, 
1D50), pp. 17-11). 

r^arl llelser, “Oil Shale Resoiirce.s ut Colnradu, Utah, and Wyoming,” Pelroleum 
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72-H2; Erncsi E. lliirgh and ]. I). Lankford, ‘'Liipiiil FiieLs from Colorado Oil Shale," 
Miurs Mfifr., \'ol. 39 (neieinlier, 1919), pp. G.^i el serj.; A. |. Kraemcr, "Liquid Fiiel.s 
from Oil Shale,” M rn/f/ Oil. \'oL 12H (Deieiiilier. 19IS), pp. 1H-.5L Jame.s Boyd, 
”ProgrL‘s.s in Oil Shale ncvelopmciil and Re.search," Mines Ma^r., Vol. .^R (December, 
1918), pp. 17 el scr/..- Emery M. Sipprelle, "Oil Shale Mining Inve.stigatinns, Rifle, 
Colorailn," ihitl., pp. G1 el scq.: E. D. Cardiier, "PriigTes.s of Mining Studies at 
Bni'eaii of Mines, Oil Shale Mine, .Anvil Point. Rifle. C.nloiadn,” Atn. Inst. Miu. 
Mel. Eugiuens, Tech. Publicatiou 22RG (1917); Marlin ). Gavin, "Oil .Shale, an 
Historical, 'rechiiical. and Economic Sliulv," \J. S. Bur. Mines. Bull. 210 (1924); 
.S. Frbes Alircii, “Bia/.ilian Oil Eield.s and Oil Shale Reserves,” Bull. Am. Assne. 
Petrol. Geol.. Vol. 33 (September. 1949), pp. L590-1599: H. E. Linden, "Sweden’s 
Shale Oil Iiiihi.stry," World Oil, \’oL 129 (September, 1949), pp. 213 et serf.; J. B. 
Mull, "American Oil Shale Developments,” Jour. Pelrol. Tech., Vol. 2 (May, 1950), 
pp. 14-16. 
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led to investigations into the enormous resources of the Green River 
shale of Colorado, Utah, anil Wyoming. Although the greatest area 
covered by these shales is in Wyoming (l^'ig. 222), the richest deposits 
and the largest estimated reserve are in Colorado and the second 
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Fir,. 222. Oil shale ilepiisiis ol Crilmailo. Utah, ami Wynniiiij;. Cttiiilesy The Lamp 
and (he Slniidfird Oif Cowpatiy {\-cui Jersey). 


largest in Utah. It has been estimated that the total reserve of liquid 
fuel available from the Colorado oil .shales alone is 300 billion barrels. 
This is greater than even the most optimistic estimates of the reserve 
tied up in the Athabaska sands, riie Utah reserve is estimated at 
42.B billion barrels, and the Wyoming reserve at 3 billion barrels. 
However, it was calculated by Gardner that “close to 500 under¬ 
ground oil shale mines, each with a capacity of 20,000 tons per day, 

E. D. Ganlncr, "PiDgrcss of Mining Stuilics al Bureau dI Mines. Oil Shale 
Mine, Anvil Poinl, Rifle, Coloiarlo,” Am. Inst. Min. Met. Engineers, Tech. Pnhli- 
ration 22Bfi (iniT). p. II. 
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would be required to produce the same amount of oil as our domestic 
production in 1947." A very strong deterrent to widespread oil shale 
processing is the necessity for water in quantity during the operation. 
Many tons of water are needed to treat one ton of shale; therefore 
only riverside plants are feasible. 

Governmental research into the possibility of a synthetic-oil industry 
in the United States was started after World War I but was closed 
down in the early 1920's after the discovery of several large oil fields. 
This research was resumed during World War II, and considerable 
progress has been made in pilot-mine and pilot-plant operation. The 
Navy owns a large oil-shale reserve near Rifle in Garfield County, 
Colorado. On this property the Bureau of Mines has established and 
operates a demonsiration oil-shale mine. Tlie Bureau also has built 
a pilot plant at Rifle and an experiment .statir)n at Laramie, Wyoming; 
in addition, commercial refineries in Baton Rouge and Los Angeles 
have experimented in the treatment of shale oil from Colorado. 

Large, but leaner, oil-shale reserves also occur in Indiana, Kentucky, 
and Ohio, and smaller deposits have been noted in some fourteen 
other slates and in Alaska. 

Coal. Enormous as are the possible reserves of synthetic petroleum 
from oil shale, they are dwarfed by the statistics of the volume of 
liquid hydrocarbons that could be obtained from the domestic and 
world deposits of coal. Llic Germans extensively exploited their 
brown-coal deposits during World War II, combining the carbon in 
the coal with hydrogen, by the hydrogenation process, to form gasoline 
and other desired li(|uid hydrocarbems. Lhc Congress of the United 
States has appropriated funds to the Buieaii of Mines to carry out 
studies of the possibilities of obtaining oil from coal within the United 
States. Pilot plants were erected at Louisiana, Missouri, and sub¬ 
stantial experimentation has been carried on there. In addition, both 
the government and private industry have carried on experiments 
in the conversion of coal (either in surface plants or in place under¬ 
ground) into gas, which could in turn be converted into synthetic 
liquid fuel. Recently such activities on the part of industry have been 
suspended because of the greatly increased gasoline supply and the 
high cost of mined coal.^- Although underground gasification of coal 
is technically possible, it is also of questionable economic feasibility. 

HI James J. Dowd, James L. Elder, J. P. Capp, and Paul Cohen, “Experiment 
in Underground Gasihtation of Coal, Gorgas, Alabama," U. 5. Bur. MiiU’s, Rept. 
of Investigation 4161 (August. 1947). 

H-George Weber, “SyiiLlietics Reverse," Oil and Goj Jour., Vol. 48 (Jan. 5, 1950), 
p. 23. 
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The problems of making synthetic oil from coal are similar to those 
of obtaining oil from oil shale in that first the raw material must be 
mined (or otherwise prepared) and then prot:cssed. The coal industry 
has one less problem, however, in that it does not have to dispose of 
enormous quantities of spent shale. The best coals for synthetic-oil 
manufacture are those that are high in volatiles, such as the lignites 
of the northern Great Plains. The Paleoccne Fort Union coal alone 
could supply all the doineslic oil demand for many years, but the cost 
of mining and converting this coal, and of delivering it to market 
(it could not be much farther away in terms of traiisj)onation costs 
from the largest markets and still be in the Uniled States), is no doubt 
several times the current cost of delivering crude-oil products to the 
same markets. 

CONCLUSIONS 

riie following conclusions can be drawn from this brief survey: 

1. The actually proven oil reserves are the equivalent of only a 
few years' supply. 

2. The amount of undiscovered oil reserve is unknown, but no 
doubt it is many times the present proven reserve. 

3. A considerable body of oil lies at greater depths than those so 
far explored in most oil fields. No sedimentary section tan be con¬ 
sidered to be completely ex]jlored until many wells have entered the 
basement rock. 

4. There are still many new oil fields to be found within the 
periphery of the present oil-producing districts. 

5. Other fields will be discovered by exploration beyond the periph¬ 
eries of the oil districts. The continental shelf bordering oil-producing 
areas is a case in point, but also the land-locked sedimentary basins 
have not been explored in all directions to the very edge of the pos¬ 
sibly productive area. 

6. Entirely new petroliferous provinces will be discovered in the 
future as in the past. None of the sedimentary basins not productive 
have been thoroughly explored; some have not been explored at all. 

7. The reserves of undiscovered oil are no doubt much greater 
outside the United States than within the borders of this country. 

B. The reserves of liquid hydrocarbons from natural gas are large, 
but they cannot be considered new reserves. 

9. Enormous reserves are available on the North American conti¬ 
nent alone, from asphalt deposits, oil shales, and coals. Liquid hydro- 
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carbon obtained from such sources, however, will inevitably cost more 
than crude oil products. 

10. The crude-oil products themselves will become more expensive 
as petrnleum becomes more difficult to find. 

11. As lon^ as there is the suspicion of an undiscovered drop of 
petroleum within the earth’s crust, there will be employment for 
geologists. 
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PETROLEUM GEOLOGY^ 


Only the iiiiirc remit and generally axailable pnbliiatinns of interest and 
value tu the peLinleiim ge^Jln^ist will be ir.t iiiiniieil here. 'The cited chapter 
written by DeGolyer cniiLains a niiich more detailed aetoiint nf nil and ^a.s 
literature. 

The most recent bibliography is: 

E. I)c(inlyer and llarnld \"aiire, “hililiogiaphy ini ihe Pclruleiiin riidiistry,” Texas 
Knginvvyni^ Exjjf'rinirnt Stalioji, Bull. M.S 0011). 

Other bibliographies of exceptional value are: 

U. S. GudI. .Survey, Itihliofiraphy of Xoilh .Inirrinm (lff)lt}fry. Piililisheil bienni¬ 
ally, witli perindie cuiiiidalive eciiiipilaliini.s. 

(icol. Soc. Aineiifa, llihliofrrnpfiy ntid hnlrx of (ieoloffy Iixrlusive of Nortfi 
Anirrira. I’ldili.slied annually. 

■Soc. Econ. Geol., Annolftlrd iiHAittfpraphy of Ecotunnir (wpolopy. Published seini- 
aiinually. 

Am. A.ssnr. Pcliul. (»cul., Cofnprpin'nsi-or Index. Guvers linlh the 

Bulletin and special vulnines of the A.ssociaiiiin. 

Colo. .School of Mines. Annual Revitfw of Ertiolrnni (irolo^y, 1012-1.417 inclusive. 
J. V. Howell and A. 1. l.evoiseii, “Dircciuiy of (>L'id[i;;ical Material in North 
America," Bull. Am. Assoc. Petrol. (ieoJ., Vul. 30 (.\u|>ust, lOlG, Part 2), pp. 
1321-M32. 

Rii.ssell C. I'lcniing, .Source Booh: n Directory of Public Afienrirs in the United 
.S7fl^e.v /Engaged in the Piihlicntion of Eiteratnre oji Mining rjiiri Geology (Am. 
Inst. Min. Met. Engineers, New York, 1433). 

The most comprehensive but now out of date monograph is: 

.Science of Petroleum (Oxford IJniv. Press, 143H). Consists of four volumes, but 
the geological aspects are coidined to the first volume. 

Comparable in size and weight, but highly variable in degree of coverage, 
is the 

Compte Rendu Congres Mondial du PiUrole, Paris, 1937. Five volumes; 

Vol. 1 is devoted to geology, geophysics, and drilling. 

1 E. DeGolyer, “Introduciioii to the Liteiaturc of Oil ami Gas," Elements of the 
Petroleum Industry (Am. Insl. Min. Met. Engineers, 1410), pp. .'i()2-.512. 
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Much more convenient to carry around with one is: 

Eletnenls of the Petroleum hidu.sliy (Am. Insl. Min. Met. Engineers, New York, 
1940). 

A very readable and relatively brief account of the ramifications of the 
oil industry is: 

Max Ball, This fascinating Oil liusiness (Bobbs-Meriill, Indianapolis, 1940). 

Production and other statistics can be found in: 

IJ. S. Bur. Minc.s, Minerals Yearbook. Piihlished annually. Am. Insl. Min. Met 
Enj^incers, Statistics of Oil and Gas OiwelopfntnU and Production. .Annual. 

National Oil .Siouls and I.aniliiien's .Associaiioii. Oil and Gas Development in the 
Vniird Stairs. .Annual veaihnnk. 

ncCinlyc'i and Mi:Naii;*lHoii, T-iventirth i'rntiirx Petroleum Slalisli{.s fpiildishcd 
annually) (l)alla.<;, 'I'exa.s). 

Oi7 and Gas Jour. .Annual statistics in third i.ssue each ]anLiary; .sL’mi-anniial 
liK;uiL‘.s, ill lliiid issue in July. 

Congressional hearings on the petroleum reserve situation have yielded 
two reports, in which the ;;eolo|^ical parts have been written mainly by 
nieinbers of the staH of the Cietdoj^ical Survey: 

Petroleum Investigation Hearings before a Sulfcommittee of the Committee on 
Interstate and foreign r r. House ol Repi esciitaii\es, /.Srd Coniire.ss 

(Reie.ss) on H.R. HI, Part 2 (1934). 

Investigation of Petroleum llesonrres, Hrarifigs heftne a Special ('^omtnittee 
Investigating Petroleum Resources, U. S. Senate. 7!Mh Corif^ress, Tiist Session, 
S.R. 30 (194,5). 

The most ctmiprehensive survey of AnuTican oil fields, as of 1930, is: 

Ralph Anuihl ami Williain [. Kemnil/er, Pelridenm in the Ihiiled Stales and 
Pusse.ssions (New A’ork, 1931). 

A mure recent compilation is: 

\V, A. \'er AViehe. \orth .Imrrican and Middle fast Oil fields (Wichita, 19.5(1). 

Petroleum geolo^v in general and the geology of European oil fields in 
particular are given monographic treatment in: 

O. Slul/ei, frdiil (fichriidLT Borntraegei. Berlin, 1931). 

World oil distribution is the theme of the newly published: 

Wallace E. rrati and Dorothy tiood, editors, and 20 anihor.s, “World Ceography 
of Petroleum,'' Am. Geol. Soc.. Spec. Pub. 31 (1950). 

The American A.ssocialion of Petroleum Geologists has published a scries 
of special volumes on geology. .Among them are: 

5triir/ioe of Typical American Oil fields^ AnLs. 1 and 2 (1929). Vol. 3 (1948). 

PriWj/riMi of Petroleum Geology (1934). 

Sfnitigntp/iir Type Oil fields (1941). 

Gro/r)gY of Salt Dome Oil Fields (1926). 

Gulf Coast Oil fields (1936). 

Oro/og;\' of Natural Gas (1935). 
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Subsurface geology is given inonngrnphic tieiiiiiu'iU in; 

L. W. LcRoy, Subsurface Grola^ic Methmh (Colo. School ol Mines, 1950. 2iul 
Etlilioii). 

Another subsurface text, with some emphasis on the engineering aspects, is: 

Hai'olfl VaiuT, Elements of Petroleum Subsurface fji^ineeriu^ (Si. Louis, 1950). 

Petroleum origin, especially the possible souik* m.iierials, is iliscussed in: 

Parker 13. 'Frnsk, nWgn/ (nul Knvironmeiit of Soukc Sedimctils of Petroleum 
(Housinn, 1!I32). 

J*arkei I). Trask anil H. \V. Palnoilc, .Sloi/rrf? Iletls ttf Petroleum, Am. .\.s.soi:. 
Pclrnl. Ceol. (ruLsa, 11112). 

Field and nlliie inetiinds in petroleum -geology are inrliided in several field 
genlogies, especia 11y: 

F. H. Lahee. I'ield Genlof^y, llh cdilioii (Ncav Vtnk, 1911). 

Dorsey Hager, Pracliral Oil (ieology, 5ili eililitm (\i-u \nrk, I95K). 

A con temporary textbook is: 

Cecil (i. Laliikcr, Prinriltles of Petroleum firo/rigy (New Voik, 191!)). 

Amniig the se\ eral joiii nal pid)lii:ations, the most valuable to the petroleum 
geologist is the monthly; 

Hull. Am. Assoc. Petrol. Geol. 

The American Insiitule of Mining and Mclalliirgical Engineers publishes 
or has published: 

Jour. Petrol. Teclniolofix (imnilhly). 

Petroleum Development and Technolof^y ( I raii.sailioiis PcMioleum J)ivisioii) (an¬ 
nually). 

The Institute of Petroleum (lanidon) |)ublishes at irregular intervals: 
Reviews of Petrol. Techuolofi^'. 

Of the many journals devoted to various aspects of the petroleum industry, 
those which most frcriuenily contain arlicles on geology are: 

Oil and Gas Jour, (weekly). 

World Oil (monthly). I rirmcily the Oil Weekly. 

World Petrol, (monthly). 
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533. 534. 536 
ColoraUii, 169-174 
eastern, 472-473 
index map, 471 
oil shale deposits in, 629, 630 
pruduction, 469 
reserves. 609 

salt core striiclui es in, 254 
weslein, 473-471 
Colorado-Utah district, 247 
Colors of petroleum, 124 
Comodoro Rivadavia oil fields, Argen¬ 
tina, 545, 547, 548 
Compaction, 177-1 BO, 210 
difTcrential, over hill, 213 
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Compaction (coni.): 

□r organic iniiil, 152 
over jiaiul lens. 211 

Concepcion oil field, Venezuela, 532, 533. 
537, 538 

Conglomerate, 1.09-200 
Connate water, 180 

Conroe oil field, 172, 272-273, 112, 113, 
414 

Conservalinn practices. 108-111 
brine disposal, 113-lH 
proratinn, 10!)-110 
iinitizatinn, 112-113 
well spacing, 110-112 
Con tain illation, 102, 103 
Continental shelves, reserves beneath, 
6H-fil6 

Cam tour maps, striiiliii e. 88 
Conti action, 281 
Convergence map, 00 
Coomlier, .S. K., 1.09 
Coral reefs, 131, 195, 287. 288 
Core drilling, 10, 12, 37-11 
slim bole drilling, 10—11 
Cores, 59, 63. 6,5-67 
core library, 67 

Coring, 59-61, 97-98 
Corning gas field, i93, 507 
(Correlation inilex, 68 
Costa Rica, 618 

(Bolton Valley oil field, -136, ^MO 
Cracking process, 5, 161, 602, 625 
(Slacking temperatures, 152, 151 
Cram, Ira H., 608 
Cranfield oil field, 4.55, -157 
“Ca'eekology,” 7, 8 

Creole oil field, in Gulf of Mexico, 280, 
281, 436. 441 
Cretaceous reservoirs, 205 
Crinerville oil field, 389 
Crooked holes, 58, 59 
Cross cut oil field, 423, 425 
Crossroads oil field, 466 
Cross sections, 93-90 
Crude oil, 4 
base, 126 

chemical properties of, 125 
gravity, or density, of. 124 
microscopic objects in, 132-133 


Crude nil (com.): 
ml or of, 124 
radioactive, 156 

suiTace tension and capillary force of, 
125 

iindeigi'Dund. 128-129 
viscosity ol. 12-1-125 
volatility nf, 125 
Cuba. .525 526. 618 
asphalt deposits in, 525 
('iimarebo oil fielils. Vene/iicla. 537 
Cumberlaiu’. nil lieWI. 220-221, 389. 398 
Cumiiiigham field, 379. 381 
('.inie oil field. -107. 108 
faisliiiig oil lielil. 389, 391 
Cut Uank oil lielil. 29.3, 181, 185 
Cut Hank .sand, 296 
Can lings, 59. 63-4}5 
Ciiyama \'alley. 1.93, 507 
Cymric oil field. 222-223. 193. 505 
Czechoslovakia, 572 

Dagheslan groii|). IJ.S.S.H., 56-1 
Damrian oil field, Saudi Aral)ia. 571. 
575, 576 

Damon Mound oil fielil, 271. 271, ll‘l. 
114 

narrow oil lielil, 136, 113 
Darst Creek oil lielil, 117, 918 
Davi’iipiirl nil lielil, 389 
Davies, H. W, 321 
Davis Raiitli field, 379. 383 
Decline cijr\e melliod of esiimaLion. 116 
Deep River oil field, 298-299, 300-301. 
372, 375 

Deerfield oil field, 372. 375 
DeColyer, I-.. 2. 13, 24, 42. 523 
Dehydration, 281 

Delbi-Hig Creek oil field, 136, 439, 111 
Della Farms oil field, 436, 413 
Del Valle oil field, 493, 498 
J)ciiison, A. R., 611 
Deposition of scdinienl, 143-147 
cnviroiimenl of, M.3-145 
muds, composiliDn nf, 14.5-147 
research studies, 143 
Devonian reser\oirs, 206 
Dhuliati oil field, Pakistan, 586 
Diagenesis, 10 
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ninf^rams, block, 94, 96 
Diamond-stutlclcil hit, 57, 60, 67 
Diapiric folds, 255 
Diaslrnpbism, 159 
Dickey, P. A., 295, 304 
Diesel fuel, 5, 625 

f^as cofiveried inlo, 626 
Dificil oil field, Colombia, 542 
Di;>boi oil field. India, 587, 588 
Discovery curve, 601 
Dissolved ^;as drive, 104-105 
DisiillaLion, 161, 162 
natural, 152, 153-155 
Dobbin, C. E., '108. 479 
Dod^e City basin, 381. 386 
Dollailiide nil field, 427, 430 
Doloiiiiic, 193. 195. 197-198 
Arbiicklc, 317 
while and brown, 132 
nolniiiiLi/alion, 289. 290 
Dniiies, 227 
[|nai|iiaversal, 234 
sab. 231 

Doniiiu|iiex oil ndd, 490, 493 
Dondlebii^^cr, 8 
Dora oil licld, 389, 394-395 
Dorsey, Cie«rj>e Edwin, 320 
Dove Creek oil rield. 470. 471. 474 
Downwarped areas, 328 
reasons fur oil in, 329 
re|;iona1 ii|)lifts belweeii, 329 
Dowser, 8 
Drake. Edwin E.. I 
Drake well. 5, 0. 7, 68, 253 
Draping, o\ ei reels, 213 
Drilled wells. 50-63 
Drillers’ loj^, 69-70 
Drilling: 

cable tool, 50, 53. 54 
drilling rig, 52 
cluirn, 50 
directional, 59 
increased cost of. 608 
percussion. 50 

rotary, 51-63 (see also Rotary drilling) 
samples obtained during, 63-69 {see 
also Samples) 
standard, 50-54 
tools for. 51, 52, 54, 55-56 


Drilling-time logs, 72 
Drill-stem testing, 98-99 
Drinkard nil field, 466, 467 
Driscoll oil field, 417, 419 
Driver, Herscbel L., 496 
Dry Creek oil field, 484, 486 
Dry hole, 12 
Dry ice, 107 

Dukhan oil field. Saudi Arabia, 574 
Durov Dag area, LI.S.S.R., 564, 565 
Dynainocliemcal activity, burial and, 
150-158 

Eakring-D likes wood nil field, Great Brit¬ 
ain, 571 

Early Grove gas field, 317 
Easiern Giiarico oil fields, Vcnc7Aicla, 
534 

East Haynesville oil field, 436, 441 
East Hiawatha oil field, 171 
East Indies, oil in, 9 
East 'Texas oil field, 306-307, 310, 400, 
106 

East 'Ttiskogee oil field, 389, 395 
Ecuador, 551-552 
index map, 551 

Edison oil field. 184. 201, 493, 505-506 
Edna oil field, 117, 420 
Edwards field, 379, 385 
Elfcrvesccnce, 180 
Eggleston, W. S., 201 
Egypt, 591-595 
nil fields in, 571 
Eldorado dome, Kansas, 189 
Ehloradn oil field, 313, 377. 379. 383 
Elecira oil field, 122, 423 
Electrical surveying, 50 
Electric logs, 73-79 
Electronic surveying, 49 
Elk Basin oil field, 477, 479. 484, 485 
AVyoming-Montana, 232-233 
Elk Hills oil field, 193. 502, 503 
El Meiic de Acosta oil field, Vene/Aicla, 
532, 537 

El Rohle oil field, Vcne7Aiela, 532 

El Segtindo field, 201 

Emha salt basin, U.S.S.R., 565, 566 

Emhayments, 328 

Emsland oil fields, 567, 568, 571 
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rocene Wilcox reservoir, 456 
Eol:i nil 6clil, 436, 444 
Krnth oil field, 430, 143 
Espcrsoii nil field, 113 
Kiliinpia, 620 
Europe, 55(1-572 
references, 556 
reserves in, 613 
sali-f ore smiciiires in, 253-254 
Eiixinir facies. M l 
Evart oil field. 372. 375 
Evnliiiinii of peli nieiiiii, 15H-164 
geiieiali/alions iDiicerniiiir, 164 
Excelsior oil lielil, Canada, 513, 511 
Ex|n*iimenlal ilata. oil and i>as, 132 
Explniiation: 

hypassin^ of naiiiial ^as or uaier diir- 
in.[>. I OH 

coiiiplelin;; uell, 33-100 
devL’Iopiiieiil and coiiservaiion prac- 
liies, lOH-111 
“drilliiiji^ in ' well, 37- 33 
piodiu:in» wells, inelhods of, 10(i-10K 
ieser\oir pi essiircs, 100-105 
valiiaLirin of oil properly, J11-120 
Exploialion; 
direct indiralions, 21-23 
drilled wells, 5l)-(i3 Urc al\u 1)iilliii[^) 
frcnpliysics, 11-50 

eleiLrical meiloids, 50 
graviineii ii: ineliiods, 44^17 
inslriiinenis used, 11 
inagnelic inelhoils, 12-41 
seisinic met hods, 17-50 
loi>s, 63-H5 (ire also l.o^s) 
mental hazards to, 11-12 
utlshore {sre Offshore fielils) 
samples, 63-63 

siihsurface, 12, 21, 30-30 (see also .Sub¬ 
surface geology) 

surface methods, 13, 21-36 (sre also 
Surface cxploraiion) 
technirpies (see Pelioleum: methods of 
finding) 

use of seeps in, 2.3-24 
Extinction zone, 166 

Facies, eiixinic, Ml 

I'arics change, trapping due to, 293-238 


Farics maps, 31-9.1 

rairpori liehl. 373, 3H5 

Falcon nil fields, \’cneziicla, 5.14, 535, 537 

I'alls City oil field, 376 

Fniiiine. nil, 601-602 

Fandiam gas field, 487 

Fanil ing, 210 

Faults, 208. 210. 275. 27S-2KI 
types of. 27s 

Fault trap pmds. 278, 273 

Femioscaiuliaii shield, 55fi. 562. 563 

Fensirr. ilelioi'il. 318 

I'ergaiia oil fielils, C..S..S.K., 564, 566 

1 inn. Fen I on H., 132 

* isi lic'i -Ti itpsi h syiiiliesis. 626 

Fish oil. 132 

Fi.ssm es. 208. 210. 281-285 
1 11 Is nil liehl. 383, 337 
Flank prndiii I ion, sail-roi e .slriicliircs, 
271-275 

Flares, inilisn iminale use id, 108 
Flooding, aililiiial, 112 
I Imenre oil liehl, 281. 285. 3IH. 171 
Mori da, 161-463 
index map, 162 
Floialion, 178 

Fliinrogiapliic nielhod, soil analysis, 27- 
2H 

Fliiurologs, 85 

I'lushing ol oil from traps, 173 
Fohls, 20H, 210-235 
origin of: 

tlnoiigh hoii/iinlal niii\ enieiils, 210. 
215, 226 

through veriical nio\eiiieni, 210 -215 
pseiiilufolds, 215, 226 
sellliiig, when il pioiliices, 212 
ii|dolds (.vr'f; Anticlines) 

Foicsl City basin, 382-383, 386 

Forest Reserve oil field, 'I'rinidad, 523 

Fork nil fielil. 372. 375 

Formosa, oil and gas fields in, 5H3 

Fiiiike oil field, 448, 450 

Four-Mile fcnsler, .148 

Fracluieil haseincnl rocks, 200-201 

Fractured cherts, 21K) 

Fractured schist, 201 
FraciiJied shales. 200 
Fracturing wilhoui faidling, 281 
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France, 569-570 
DJl-.<iha1e industry in, 62B 
Frerlonia, New York, 4, 334 
I’rcnch Morocco, 595-596 
Fuel. Diesel, 5, 625, 626 
I'liller's earth, 1H6 
Fuiikhouscr, H. }., 169 
riirhei'o oil field, Mexico, 521 
Furnace nils. 5, 625 
Furnace ^as field, 351, 352 
Future oil supplies, 601-632 (see also 
Reserves): 
references, 602 

GalliaII oil field, !■ ranee, 569-570 

(;ac:li .Saran nil field, Iran, 574, 5H3, 5R4 

(^aiiiina-ray lo^Si H0-H2 

(;ail)er field, 176, 182 

(iardner, K. D., 629 

Cias: 

coal, 165 

chemical analyses of. 132-133 
convened into gasoline, 626 
esiiiiialion of reserves, 119-120 
lalse iiulicaiioiis of presence of, 23 
marsh, 23, 165 
methane, 165, 166 
natural (.see Natural pas) 
njiiical sLiidics of, 132-133 
properties of, 127 
reprcssiired, 112, 621. 622-623 
rcsc:rve.s, 119-120, 607-608 
samples, 69 
seeps, 7, 21 
sour, 107 

tectonic control on occurrence of, 327- 
333 

veiitinp, into air, 108 
wet, 106 

Gas cap, 101, 165 
(ias-cap drive, 105 
(was-condensate fields, 437 
Gas-oil ratio, 101 
Gasoline, 5, 126, 127 
casinphead, 127 
gas lonverled into. 626 
natural, 127 
Gaspd Feninsula, 8 
Gathering area for trap, 185 


Genesco held, 379, 3B5 
Geochemical logs, B5 
Geochemical prospecting, 25, 2H-29 
Geodynamic method, soil analysis, 25-26 
Geological surveying, submarine, 31, 33 
Geologic maps, 34-35, 86 
Geology: 
applied, 2 

future of, in oil industry, 15 
petroleum (see Petroleum geology) 
petroleum industry and, 1-2 
pure, 2 

Geophysical Abstracts, 42 
Geophysical Case Histories, 12 
Geophysics, 10 

exploration (see Exploration: geo¬ 
physics) 

Geosynclines, 32H 
Germany, 567-569 
oil synthetics industry in, 627 
production, 567 
salt basin in, 253 

Gilbertown oil field, 280, 282-283. 460, 
461 

Glciulivc oil field, 184 
(denn oil field, 389, 393 
Glen Rose reservoir, 456 
Golden Lane oil field, Mexico, 313, 518, 
520, 521, 522, 524 

Golden Spike oil field, Canada, 195, 513. 
514, 517 

Golden Trend oil fields, 387, 389, 397, 
398 

Goldsmith oil field, 427, 429 
Goodrich, Harold 11., 3 
Goose Creek oil field, 102, 412, 413, 111 
Governmeiit Wells oil field, 417, 420 
Grabens, 260 

Gramps oil field, 471, 474 
Grand Saline salt dome, 407 
Granite, 193 

fractured pre-Cambrian, 200-201 
Granite gneiss, 193 
Granulation, 190 
Grapefield gas field, B 
Gravel pack, 99 
Gravimetric surveying, 44-47 
Gravity theory, 178 
Greasewood oil field, 471, 473 
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Great Britain, 571 
(■reater Seminole district, 395 
Great Salt Lake basin, ‘IKK 
Green River basin, -177, -178, 180 
Green River shale, 029 
Greenwich field, 379 
Greenwood County, Kansas, 292, 293-291 
Cnela oil held. 117. 120 
GriHin oil held, 301, 3h2 
Grilfitlisville oil pool, AVesl X'ii^inia. 
235. 251 

Groiind-waler activily, vaiyiii^ peniiea- 
bility due to, 298-301 
Ciio/iiy area, H.S.S.R., .Ifil, 505 
Gualeiiiala, (ilH 

Gulf Coast rcfrioii. 10, 13. 37, 41, 12. 105, 
111, 330, 377 
iiiaiiiie exploialhin, 19 
reserves, (i09 

oirshore, fil1-fil5, filfi 
salt core siriiuiires in (.see Salt tore 
striictiires; (niH Coast) 
salt domes in, 2.50-275 
sand wells, 193 

(iiiir Salt Dome Province, 24-25 
Gurley oil held, 37(i, 170 
C;yp.suiii, 259, 265 

Haft Kel oil held, Iran, 571. 583, 5H1 
Hake, D. F., 367 
Halo, 2H 

Hammer, H. E., 117 
Hanna, Marcus A., 253, 262, 263, 264, 
265. 271 

Hannover district, (icrniaiiy. 56H 

Hardin oil field, 113 

Hastin{r.s oil helil, 113, 111 

Hawkins oil held, 406, 107, 109 

Hayiiesville oil held, 136, 138-139 

Headlec, A. j. W.. 166 

Heald, K. C., 133, 169, 172, 193. 23.5, 318 

Hcaldton oil held, 389, 398 

Heat: 

and natural distillation, 153-155 
skin frictional, 152-153 
Heck, E. T.. 613 
Hedberg, H. D., 169 
Helium, 165, 167-168 
deposits of, 2 


Helium (com.): 

iii natural gas, 107 
Heiidrirk nil held. 196. 127 
HFXV. nicaiiing of, 71 
Hicsiuiid. T. C., Ill 
High Island oil field, 113, 1M, 115 
High Island salt dome, l ex,is, 268-269, 
271 

Hitcbcork cH field, 113 
Hilcsville oil held, 211-215. 351, 3.52 
Hobbs nil field. 11. 166. 167 
Hobson, G. 1).. 151, 261 
HoHnian oil held, 117, 120 
Hugbark oil lielil, 166, 167, 168 
Hrduiaii, Eugene, 15 
Hoots, Harolil \V., 139. M2. 169, 175, 
185. 317 

Hope oil field, 106 
Hoii/nntal iiiovemeiiis, 215 
Hori/.onlal reserves, iiniliscDveied. 611- 
620 

Horn I taker, A. L., 209 
Hoskins Moiiiul iloiiic, 112, 113 
Hiiwaril, W. V., 319 
Howell. ]. V., 7, 8 
Howell gas field, 198 
llugoion embayineni, 381 
Hugoion gas fielil, 295-296, 379. 381, 
399, 131 

Hull .Silk oil held, 123, 121 
lliiirible, 1 exas, 271, 27.5 
Hungary, 572 
Hum, 1. .Steny, 8 

Huntington Beach oil held, 190, 193, 
196 

Hiinlon reservoir, 3H1 
Hiintsinan gas field, 376, 377 
Hurgbada oil field, Egypt, 571, 594 
Hydrafrac process, 99 
Hydraulic theory, 179 
Hydrocarbons: 
liquid, 123-127 
solid, properties of, 127-128 
sources of, 132 

syiuhetic, maniifacluring, 627-631 
undiscovered deposits, 60H-620 
Hydrogen, source of, 131 
Hydrogenation, 161, 162-163, 625 
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Hydrogen 5u]6de, 144, 165, 167 
in natural gas, 106-107 

"lee cream” wells, 107 

Illing, Vincent C., 2. 153, 155, 157, 158 

riliuis, 363-369 

gculugic divisions, oil and gas fields, 
363, 367 
index map, 366 
preglacial erosion in, 363 
production, 363 
liidaw oil field, Burma, 588 
India, 5H7-5HH 
index map, 586 
Indiana. 359-362 
index map, 361 
priiduclinn, 359 
Inilniiesian Kejiuhlic, 596, 597 
Induction logging, 75 
Inranias-La Cira ail field, Cnlnnibia, 512, 
.513, ,511 

Inglewood oil field, 190, 193 
Initial dips, 226 

Inorganic rocks, acciiiuulaiiuns in, 17.5- 
176 

Insiriiments, geopliysical. 11 
Inlercontinenial depressUins, 330 
Interpretive logs, 71 
Interstate Oil Oooipaci, 110 
Inirainolerular ciHiihusiion, 152 
Iowa oil field, 136 
Iran: 

oil fields in, 199, 571, 584 
production, 582 
icservoir rock, 583 
salt beds in, 260 
salt domes in, 247 
Iraq, 579-582 
oil fields in, 574 
production, 579 
Irrawaddy basin. 588 
Irvinc-Paint Creek fault zone, 350, 351 
Isofluors, 27 
IsogeDtherms, 159 
Isopacbous maps, 88-90 
Isuplcih maps, 92 

Isthmus of Tehuantepec district, 524- 
526 
Italy, 572 


Jackson County .Sissonville gas field, 347 
Jackson gas field, 452, 455, 457 
Jacksori-Kanawha district. West Vir¬ 
ginia, 297 
Japan, 590-592 
inilex map, 591 
oil-synthetics industry in, 628 
Jarahiieca nil field, Cuba, 525 
Jaslo-Krosno district, Poland, 570 
Java, 596, 597, 598 
oil fields of, 599 
production, 600 
Jcllcrson Island oil field, 136 
Jennings oil field, 436, 413 
Jenniiigs salt dome, 431 
Jesse oil field, 389, 397 
Jim Hogg County. 1 ex as. 293 
Jung, Dorothy A., 193 
Jurassic reservoirs, 205 

Kama area, U.S.S.R., 567 
Kankakee arcli, 362 
Kansas, 377-386 

Central, uplift, 329, 380, 381, 382, 381- 
385 

Cherokee basin, 382 
Forest City basin, 382-383 
Hugoton einbayiiienr, 386 
index map, 379 

Nemaha uplift, 380, 381, 382, 383 
oil fields, 150 
prodiieiioii, 377 
.Saliiia hasiii, 381 
Scilgwick basin, 383-384 
Karafuto, 592 
Kaialla oil field, 509 
Kaly oil field, 413, 415 
Katz, D. L., 117 

Kaiidag oil fields, U.5.5.R.. 564 
Kentucky, 319-352 
index map. 351 
production in, 349 
Kern Front oil field, 493, 505 
Kern River oil field, 490, 493 
Kerogen, 128 
Kerosene, 4, 5. 126 

Kcttlemail Hills oil field. 493, 502, 503 
Kevin-Siinburst oil field, 484, 485, 486 
Khandag district, IJ.S.S.R., 566 
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Khaur oil field, Pakistan, 5B6 
^as fidd, 455, 45H 

Kirkuk oil fidd, Iraq, 574, 579, 5B0. 581 
Klamona oil field, New Guinea, 597, 598 
KMA oil field, 422, 423. 424 
Knapp Creek dome, 336 
Knebcl. G. M., 157 
Knox dolomite discovery. 353 
Kraft-Prusa oil field, 311-312, 317, 379, 
381-385 

Kriimbeiii, W. C., 92 
Kiibaii-Criniea area, U.S.S.R., 564, 565, 
566 

Kuwait, 577, 578 

ba Urea Pniiiias oil fiebl. Peru, 519. 550 
La Cira oil field, Cnlunil)ia. 542. 5L^, 514 
La{;unillas oil field. Vene/.uela. 532 
La bee, F. H., 2 

Lake Maracaibo area, 531, 533 

Lake of oil, 196 

Lakes; 

asphalt, 22 

of heavy hydrocarbons, 22 
pilch, 22 

Lakes Fiitrance oil fielil, Australia, 599 
l.akc St. John field, 436. 439, 441 
Lakcview nil field, 193, 505 
Lali oil field, Iran, 574, 584 
Lane, H. W., 199 

Laochumriiao oil field, China, 588, 589 
La Paz oil field, Venezuela, 532, 533, 537 
La Rosa oil field, 275, 417. 121 
soil analysis, 26 

La Salle anticline. 329, 362, 363, 367 
Las Cruces oil fielil, Venezuela, 532, 536 
Lateral iTii|>ralioii, 180 
Leaching, 210. 213 
of reef mass. 289-290 
Leduc oil fidd. Canada. 195, 291-292, 
315, 512. 513, 514, 517 
Lenticular sands, 193, 291-293 
examples of, 292 

in northwestern Pennsylvania, 294— 
295 

Levorseii, A. L. 209. 317. 601 
Lima-Indiana oil and gas fidd, 193, 354, 
356, 358. 359, 361 
Limestone, New York, 334 


Limestone, 2, 70 
merging of sandstone into, 293 
reefs, 194-196 

shell and reef accumulations. 194 
Trenton, 285 
Lind. S. C.. 161 
Link, T. A.. 287, 289. 290 
Link, Walter 110 
Liquid hvdrorarhons, 123-127 
Lobaiu-|uanes oil field, Brazil, 553, 554 
l.ockeit, ). R., 212 
Logan, Wiliiam, 8 
Log maps. 93, 96 
Lcjgs. 69-85 
caliper. 82-84 
defined, 69 
drillers', 69-71 
electric. 73-79 
fliiorologs, 85 
gamnia-ray, 80-82 
georheiiiiial, 85 
inlerprelive, 71 
flioimted, 72 
mild analysis, 84 
neutron. 80-82 
permeability, 85 
radioactivity, 79-82 
sample, 71 
sound wave, 85 
spcrtioi heniical, 85 
teinperatiire. 85 
time, 72-73 

Long Beach oil field, 227. 490, 493, 496, 
497 

Lopez oil fidd, 417, 419 
Los Angeles Basin, 176, 200 
Los Angeles City oil field, 496 
l.ost Hills oil field, 493 
Lost Soldier oil field, 477, 479 
Louden anticline, 363. 366, 367 
Loiiisianu. 433-445 
districts, 433 
Gulf Coast, 443-145 
index map, 436 
Northern, 438-443 
pioduLiion, 433, 434 
Lovaszi oil field, Hungary, 572 
Lower California, 331 
reserves in, 618 ’ 
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Lubricating oils, 126 
dcnianrl i'or, 5 

Lucas, Captain Anthony, 267, 412 
Luling oil lidtl, 416, 417, 41B 
Lyons gas held, 379, 3B5 

McBride gas held, 455, 45B 
McCloskcy sands, 362 
McDermott, Eugene, 25, 175 
McDonald oil lield, 339. 342 
McKittrick oil rickl, 490 
McLouth gas lield, 379, 382-383 
Magmatic activity, 159 
Magncsiiim/calciuin ratio, 67 
Magnetic surveying, 42-44 
Magnetometer. 41, 42, 43 
air-borne, 41 

Magnolia oil Held, 448, 451 
Maier, C. G., 157 

Maikop area, U.S.5.R., 504, 565, 566 

Malkin, Doris S., 193 

Maiianlialcs oil Field, Chile, 551, 555 

Mannington held, 8-9 

Maniiclcs oil lield. Venezuela, 532, 536 

Maps: 

subsurface, 85-96 
convergence, 90 
cross sections, 93-96 
facies, 91-93 
geologic, 86 
isnpachoiis, 88-90 
log. 93 

paleogeologic, 86-87 
paleographic, 87-88 
pal cost met lire, jjaleotcctonic, or 
pal inspas tic, 90-91 
structure contour, 88 
surface, 13, 31-36 
air photographs, 31-35 
genlogic, 34-35 
siruciurc contour, 36 
topographic, 34 

Maracaibo basin, Venezuela, 297-298 
Mara-Maracaibo oil Fields, Venezuela, 
534 

Marcasite, 167 

Marine oil held, 366, 368-369 
Marine oil pool, 195. 198, 236-237, 315 
Marsh gas, 23, 465 


Martins Creek fenster, 348 
Maryland, gas well in, 34B 
Masjid-i-Sulaiman oil Field, Iran, 574. 
582, 583 

Massachusetts Institute of Technology, 
138 

Matteson, L. S., 295, 304 
MayFiekl gas Field, 356, 357 
Medina Sea, 296 

Mendel^ef, Dmitri Ivanovich, 132 
Mendoza nil fields, Argentina, 517, 548 
Mene Grande oil Field, V'enezuela, 531, 
532, 533, 531 

Mercedes group nil Jields, V^enczucla, 
532, 531 

Merigale oil lield, 406, 409 
Merritt, John W.. 29 
Mcsn/oic reservoirs, 205 
Metainorjiliit rocks, 159-161 
Mctaiiinr|jhi.sin: 
agents of, 158-159 
incipient. 151 

Methane gas. 150, 165, 166 
Mexia oil held. 107, 408 
Mexia-Talio fault zone, 278-280, 407, 
408, 112 

Mexico, 518-526 
districts, 520, 522 
igneous rock Field, 201 
index map, 521 

Isihmiis of Tehuantepec district, 524- 
525 

north eastern district, 522 
oil fields in, 9, 198-199 
production, 518 
salt core slrucLuies in, 253 
Tampico district, 522-524 
Michigan, 369-375 
index map, 372 
production, 369 
Michigan basin, 193 
Microloggiiig, 79 
Micropaleontology, 10 
Microseeps, 25 

Mid-Continent oil lield, 10, 37, 42, 377, 
390 

need for deeper exploration in, 611 
Middle East: 
index map. 574 
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Middle East (coni.); 
oil and fields, .573 
sail-core slnictures in, 2.56 
Midway atUiclinc, California, 305 
Midway-Sunset district., 235 
Midway-Sunset oil field, 4.00. 493, 496. 

502, 503. 505 

Miration of nil and ijas. 173-187 
carrier beds, 1H6 
causes of, 177-180 
capillarity, 179-180 
gravity theory, 178-179 
hydraulic iheoiy, 179 
niiscellaneoiis, 180 
changes iluriiig, 186-187 
direction of, 180-185 
distance of, 185-186 
evidence against, 174 
evidence for, 171-177 
parallel, 180, 183-185 
questiriii of, 173-177 
transverse, 180, 181-183 
Miller, John C., 110, 111 
Minerals, raj} rock, origin of, 264, 265 
Mineral waxes, 127 
Miri oil field, Ilorneo, 597, 598. 599 
Miser, Hugh D., 2 
Misioii gas field, Mexico, 521, 522 
Mississippi, 451—158 
embay men I area, 457-458 
index map, 155 
Paleo/oic area. 156 
productiDii, 451-152 
Mississippian reservoirs, 205-206 
Missouri, 3BG 

Mixed-base crude oils, 126 
Models, peg, .95, 96 
Moldavia district, Rumania, 559, 560 
Monroe gas field, 4.36. 441, 442 
Montana, 481—186 
index map. 484 
production, 481, 483 
Monunietit oil field, 466, 467 
MoraliJlio nil field, Mexico, 521 
Morrison oil field, 389 
Mosul district, Iraq, 580, 582 
Motembo oil field, Cuba, 525, 526 
Mother lode, 23, 69, 167 
Mounted logs, 72 


Ml. Pleasant oil field, 372 
Mount Vernon nil field, 361, 362 
Mud analysis logging, 84 
Muds, composition of, 145-147 
Mud springs, 23 
Mild vnlcaiin, 21 

Musir Mouiuain pool, 292, 310, 342 

Miiskat, Mo:ris, 621 

Muskegon oi’ field, 369, 372, 374 

\aft-i Shah nil field, Iran. 571. 583 
Nahr Cnir oil fielil, Iraq. 571, 579 
Naplilheiiit-base nils, 126 
Natural gas. 7 

rleiiveil Jioiii petinlenrn, 16&-16H 
eiivironinenls, 165 
high Cfiinpiessibility of, 101 
inipiirilies coniained in, 106-107 
itiarsb gas dilferentialed fi'Diii, 23 
iinii-hyilrnrarbon, 167-168 
origin of, 161-168 
properties of, 127 
reserves, 607 -608. 626 
calcnlaiion of, 1111-120 
separate genesis I'lnm oil, 165-166 
tr:ins|)Oitation of, first rrcnitl of, 331 
use III term. 1 

Naval Petnileiim Reserve, Point Barrow, 
.509, 510 

Nrliraska, 37.5-377 
index map. 37fi 
Ncinaba granite ridge, 2, 329 
Nemaha ujdifl, 380, 381. 382, 383. 390, 
391, 395, 3!Ki 
Netherlands, 567, 571 
Nelilcion, L. 1.., 262, 263 
Ncuqiicii oil field, Argentina, 547, 54H 
Nemroii logs, 80-82 
Neviii, (Charles, 144 
New Guinea, 596, 598, 599 
New Haniirmy oil field, Illinois and In¬ 
diana, 299, 361, 362 
New Hope oil field, 409 
New Mexico, -163-169 
northwestern. 467—169 
production, 463-464 
souLheastern, 465-467 
New’ York, 333-337 
gas fields in. 333, 334, 336-337 
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New York (cont.); 
index map, 335 
oil fields in, 333-336 
Wcslcrn, map, 333 
Niagaran lecf, 195 
Nicaragua, 61R 
Nieber oil field, 477, 478 
Nii|;aLa district, Japan, 590, 591 
Niitsu oil field, Japan, 590, 591 
Nikkei field. 379. 384 
Nishiyama oil field, Japan, 590, 591 
Nitrof^en, 165, 167, 168 
in natural gas, 107 
NilrngL’iioiis compounds. 146 
Nitrogen reduction ratio nietbod, 66-67 
Noble, Earl. 12. 171, 176 
Noii-liydrocarbon natural gases, 167-168 
Noodle Creek oil field, 423, 425 
Noriiian Wells oil field, Canada, 290, 
511, 511. 517 

North Anieiica. sedimentary basins in, 
331, 332 

North Cowden oil field, 427, 429 
North Ciirrie oil field, 407, 408 
Nurlheni oil fielil, Mexico, 518 
North Groesbeck oil field, 407, 40R 
Nose accuniiilalioiis, 235 
Nottinghamshire oil fields. Great Brit¬ 
ain, 571 

Oak Creek oil field, 471 
Oceania, 596-600 
index map, 598 
production. 597, 599-600 
reservoir rocks, 600 
onshore fields, 45^6, 47 
Gulf of Mexico, 49, 614-615, 616 
ill CaliL'ornia, 493 
reserves, 611, 615 

Oficiana oil fields, Venezuela, 532, 534, 
539, 540 

O'Hcrn oil field, 417, 419 
Ohio, 354-359 
eastern, 355, 356, 357 
index map, 356 

northwestern, 354, 356, 357, 35B 
production, 354 
Oil; 

amount of, calculating, 116 


Oil (cont.): 

chemical analyses of, 132-133 
chemically similar, in superimposed 
reservoirs, 176 
coal, 4 

crude {see Crude oil) 
dead, 128 

estimation of reserves, 115-119 

false indications of presence of, 23 

formation, bacteria in, 148-149 

furnace, 5, 625 

future supplies, 601-632 

lakes. 196 

live, 128 

methods of finding {see Petroleum: 

methods of finding) 
migration of, 173-187 {see also Mi- 
giation of oil and gas) 
mining, 624-625 
ojUical studies of, 132-133 
palm, 132 
paraffinic-base, 126 
reserves {see Reserves) 
rock. 123 
samples. 68 

tectonic control on occurrence of, 327- 
333 

lime of generation {see Petroleum: 

lime of geiicratioii) 
use of word, 1 
very heavy, 22 
whale, 4 

OiV and Gas Journal, 603 
Oil Creek, Pennsylvania, 337 
Oil fields: 
abaiidoned, 625 
distribution: 

and mciamorphic rocks, 159-161 
tectonic classification, 329-331 
new, development of, 12 
source beds in, 168-172 
Van tier Gracht’s classification of, 330 
Oil-finding techniques (jcr Petroleum: 

methods of finding) 

Oil industry; 

discovery curve, 601 
future of, 15 
future of geology in, 15 
Oil seeps, 3, 175 
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Oil seeps (cont.): 
defined, 21 

trniisformational, 182 
Oil shale, 12B 
Oil Springs, Canada, 511 
Oil wells: 

close spacing of, lOB 
completing, 99-100 
development of, 108-114 (see also 
Conservaliun praciices) 
drilling in, 97-99 
early, 3-5 

first successful well, 334 
"ice cream," 107 
owners and producers. 110 
producing: 

by induced flow, 106 
by nieclianical lift, 106 
by natural flow, 106 
"silling on," 97 
spacing of, 110-112 
substances produced by, 106-1 OH 
testing, 97-99 
Oklahoma, 160, 386-399 
Anadarko basin, 387, 397, 399 
Ardmore basin, 397-399 
central and southern platform, 394- 
396 

districts, 392 
index map, 389 

many reservoirs in single field, 390- 
391 

Nemaha uplift, 396 
North Aibuckle district, 396-397 
northeastern, 392-394 
oil fields, 313 
Panhandle, 399 
production, 386-387 
prospecting techniques, 388 
southeast Anadarko basin, 397 
Oklahoma City. 140, 111 
oil field, 311, 312, 389, 396 
reservoirs, 317, 319 
Oldenburg district, Germany, 568 
Oles, L. M., 168 
Olinda oil field, 493, 497 
Olympic oil field, 389, 394, 395 
Omaha Dome, Illinois, 211 
Omaha oil field, 366, 369 


Oolitic limeslones, 194-195, 198 
Oi cnti oil field. 493. 500 
Ordovician reservoirs. 206 
Oregon Basin oil field, 177, 480 
Oriskany sandstone gas fields, 192, 339, 
342 

Orth field. 379. 385 
Osage oil field. 293. 477. 480. 481 
Ouachita nplili, 380. 389. 390 
Oncil Belli oil field. Morocco, 595, 596 
Oxerlap seal. 305, 310-314 
tvpcs of. 

Ovett oil field, 455 
Ovyneii-beariiig bitumens, 127, 128 
O/aik iiplili. 380. 386 
U/iikerite, 127 

Pacific Coast, reserves, 617-618 
Page oil field, 427, 429 
Pakistan, 585-586 
index iiiai), 586 

Palangaiia sulfur dome. 117, 418 
I'aleiiibang oil field, Sunialra, 597, 598 
Paleogcologii; maps, 86-87 
I'aleogeology, 10, 93 
]*aleograpliic iiiii]js, 87-88 
Paleosti ucliire iiiaps, 90-91 
Paleoiecionic maps, 90-91 
Paleozoic leseivoirs, 205-206 
Palin.spastii: ina|js, 90-91 
Palm oil, 132 
Palnniu oil field, 193, 502 
Paluxy reservoir, 441 
Panhandle, 31H 
Oklahoma, 399 

I exas, 172, 313, 400, 404, 430-433 
Paiiuco oil field, Mexico, 518 
Papua, 599 
Paralfiii dirt: 
defined, 22 
deposits, 7 

Paraffinic-base oil, 126 
Paralfins, 127 

Parallel migration. IHO. 183-185 
Parker, Ben H.. 137, 138, 140, ill, 320 
Painode, H. Whitman, 170 
Paul’s Valley uplift. 396, 397, 399 
Payton oil field, 427, 429 
Peace Creek field, 379, 384 
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Peat, 129 

Pechelbronn oil field, France, 569 
Pechora oil fields, IJ.5.5.R., 564, 567 
Pedernales oil held, Venezuela, 532, 534 
Peg models, 95, 96 
Penal oil held, Trinidad, 529 
Pennsylvania, 337-342 
Bradford held, 340 
map, 341 
index map, 339 
lenticular sands in, 294-295 
McDonald held, 339. 342 
Music Mountain pool, 292. 340, 342 
named helds, 337-33B 
production today, 337 
western, gas reservoirs in, 342 
Pennsylvania sea, late, 313 
Pentwater oil held, 372, 375 
Percussion drilling, 50 
Pcrmcaliility, 66 
testing, 97 
varying: 

caused by sedimentation, 2B&-314 
traps, 2B6 

Permeability logging, H5 
Permian reservoirs. 205 
Persian (lulf oil fields, 57&-577 
Peru, 54H-551 
index niaj), 550 
produCl ion, 54H-549 
Petersburg nil held, 427, 430 
Petrolatum. 126 

Pelrolea oil held, Colombia, 542, 545 
Petroleum: 

aniiiial and vegetable oiigins of, 132- 
133 

at surface, properties of, 123-128 
colors of, 124 
evolulion of: 

agents of, 15B-159 
processes, 161-165 
formation of, bacieria in. 14H-149 
in underground reservoir, 128-129 
metamorpbisni of, agents of, 158-159 
methods of finding: 
improving, 12-11 
non-gcologic, 7-8 
preprofessional, 8 
profexssional, 8-11 


Petroleum, methods of hnding (cont.): 
research, 14 
stages ill, 7-11 

natural gas derived from, 165-16R 
nature of, 123 
time of generalion, 137-142 
post-lithifaction oil, 141-142 
pre-lithifaction nil, 139-141 
syngenetic oil, 137-142 
Peiroleurri blLumens, 127 
Petroleum geology: 

chronological stages of, 7-11 
defined. 1 

preprolession.il methods, H 
jiresenl trends, 11-15 
prolessionnl methods, 8-11 
profession of, 1-17 
training for, 15-17 
Pel I oleum industry: 
benefits lo gc'ology, 1-2 
history of, 3-7 

techniijues, improving, 12-14 
Petrolia oil held, Canada, 422, 423, 424, 
511, 514 
Philippines, 620 
Phoiogeology, 32 
Phoiograiimieiry, 31, 32 
Pholusynibesis, 117 
Physical eiiviiuiiineiil, changes, with 
burial of sedimeiil, 151 
Pickens oil held. 280, 283. 455, 458 
Pico Canyon oil held, 493 
Pierre shale, 285 

Pinchcr Creek oil field, Canada, 514, 516 

Pi rill oil held, Peru, 550 

Pitch lakes, 22 

Placerita oil held. 493, 500 

Plane table surveying, 10 

Pankion, 145, 147 

Plant origin of oil and gas, 132, 134 
Ploesti area, Rumania, 558, 559, 560, 561 
Plunging anticlines, 226-227 
Point Barrow, Naval Petroleum Re¬ 
serve, 509, 510 

Point Fortin oil held, Trinidad, 529 
Poland. 570-571 

PolymcrizatiDii, 161-162, 163, 625 
Pondera oil held, 484, 486 
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Porosity, 66 

carbonate rock, 175 
of reefs, 195 

of reservoir rocks, 187-191 
primary, 189-190 
sandstone, 191 
testing, 97 

Porter oil field, 230-231. 372. 371. 375 
Post-lithifuclion nil, 141-142 
Potash, 2 
Potassiiini, 156 
Powder River basin, 477 
Powder Wash nil field, 171, 171, 473 
Powell nil field, 'I’exas. 278, 279, 407. 408 
Powell’s Lake oil field, Kentucky, 351, 
352 

Powers, Sidney. 133 

Poza Rica oil field, Mexico, 518. 522, 524 
Pratt. Wallace E., 15, 1.54, 162. 330, 605, 
612 

Pre-Caiiilirian reservoirs, 206 
Prejudices in oil-finding, 11-12 
Prc-lilhifaction oil, 139-111 
Pre.ssurc, 152-153 
Price, Arthur S., 317 
Price, Paul H., 166 
Producing basins, reserves in, 612-614 
PrnductiDii; 
methods, modern, 621 
stati.slics (1949), 604 
Proration. 109-110 
Pruc lens, 394 
Pscudo-fnlds, 215, 226 
Pla. Parina seep area, Peru, 548, 549, 
550 

Punjab district, Pakistan, 585, 586 
Pyrile, 167 

Pyrobitumens, 127, 128 

Qaiyarah oil field, Iraq, 574, 579, 580 
Qatar Peninsula, 576-577 
Qatif oil field, 5audi Arabia. 574, 575 
Quaquaversal domes, 234 
Quartzite. 200 
Quaternary reservoirs, 205 
Qued Guelcrini oil field, Algeria, 596 
Quirquire oil field, Venezuela, 532, 533. 
534 

Quitman oil field, 406, 409 


Raccoon Bend oil field, 413, 415 
Radar, use of, in surveying, 49 
Radioactive disiiitegration, 167-168 
Radioactivity, 152, 155-157 
Radioactivity logs, 79-82 
Raisin City oil field, 493, 502 
Raleigh, Sir Walter, 528 
Raiiiandag oil field, 'Purkey, 574, 585 
Ramona oil flrld, 493, 498. 501 
Ramsey oil field, 389, 395-396 
Rancho La Brea deposit, 22, 489, 492 
Rangely oil lield, 221-225. 281. 471. 172, 
474 

R.i.s («cmsa nil field. Egy])i. 574, 594 
Ra« Oharih nil field. I'gypi, 574, 594. 595 
Rasmataima oil fielil, Egypl. 574, 594 
Rate-nf-peiielralinn logs, 72 
RaiLlesnake Hills gas lield, 508 
Rattlesnake oil field. 196, 228-229, 466. 
468, 469 

Reconnaissance surveying, 29-31 
Records (sre Logs) 

Recovery methods, 620-625 
secondary, 621 
Rccrysialli/ation, 190, 191 
Red Fork oil fiehl, 389. 392-393 
Redwaier oil field, Canada, 513, 514, 517 
Reefs, 194-1.96, 286-291 
defined, 2H6-2H7 
disiribiilion of, 288 
dolnmiii/ed, 289, 290 
height and area of. 287 
in Canada, 2.90-291 
origin uf nil in, 290 
porosity in, 289-290 
Reeves, Frank, 568 
Refining processes, 5. 152, 602, 625 
Refugio oil field. 416, 417, 420 
Regional uplifts, oil accumulation in, 
329 

Regulatory bodies in states, 110 
Reports, reconnaissance surveying, 30, 31 
Repressuring gas, 621. 622-623 
Research, growth of, 14 
Reserves: 

beneath continental shelves, 614-616 
developing dormant supplie.s. 625-627 
estimation of: 
gas, 119-120 
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Reserves, eslimatinii of (coni.): 
nil. 115-119 

hori/ontal, iincliscnveretl. 611-620 
in Ath:il)a.sk:i Valley, 626-627 
increasing desired prodncL, 625 
increasing recovery, 620-625 
major reserve, defined, 620-621 
ncedin;; deeper drilling, 60K -6II 
not yet productive, in sefliineiiiai y 
hasins, 616-620 
proven gas. 607-(i0H 
table, 607 
proven nil, 602-607 
table. 60'1 

tecbnologie, 620-631 
within producing basins, 612 611 
Reservoir pressures, 100-105 
deniieil. 100 

ilissnlveil gas tlri\c, 101-105 
gas cap drive, 105 
importance nl, 100-101 
possible causes of, 101-101 
water drive, 105 
Reservoir rocks; 
accuniiilatioii, 188-206 
age of, 203-206 
ca|), 203 

carbonate, 193-199 (.vre Carbonate rock 
rescrvoiis) 

Ceiio/oic, 201-205 
congloTiierate, 199-200 
fractured basement rocks, 200-201 
fracliired cherts, 200 
fiaciiired shales, 201) 
igneous rucks, 201, 203 
lateral coiuiiniity of, 189 
Meso/oic, 205 
Paleii/.oiL, 20.5-206 
permeability of, 189 
porosity and thickness of, 188-189 
primary porosity of, 189-190 
iliialifications of, 188-191 
s;indstoiie, 190-193 
Reservoirs: 

carbonate rock (see Carbonate rock 
reservoirs) 

bydrocarbons in, 176 
siipci imposed, series of, 176 
Resin, 128 


Resistivity, electrical. 74-79 
Reynosa oil held, Mexico, 521, 522 
Rice CDiiniy, Kansas, 200 
Rich, John L., 139, Ml, 155, 162, 186, 
382 

Ricbbiirg oil field, 335, 336 
Richland nil field, 278, 407, 408, 436 
Rim syndines, 215, 260 
Ringwood nil held, 389, 399 
I Rio Vista gas field, 493, 507 
Robinson oil field, 366, 367 
Rochester oil field, 361, 362 
Rockingham County, Virginia, 160 
Rock nil, 123 
Rocks: 

fractured basement. 200-201 
inorganic, acciimiilations in, 175-176 
oil and gas from, 133 
reservoir {see Reservoir rocks) 
source: 

fresh-water, 171 
geologic age of, 171 
identilicaliou of. 169-171 
Rock salt, 2 

Rocky Mountain province. 171 
Rodessn oil field. 106, 407, 436, 439 
Rogers, Henry D., 8 
Rnlilf, VV. A., 517 
Roosevelt oil field, 187, 488 
Rose Hill oil field, 285, 317 
Rotary drilling. 54-63 

advantages over standard drilling, 61- 
62 

cuttings, 59, 63 
derrick for, 51-55 
drilling depths, 62-63 
rotary bits, 56, 57, 58 
testing during, 98 
Rucdemaim, Paul, 168 
Ruehlcrtwist-Riiehlcrmoor oil field, the 
Netherlands, 571 
Rumania, 557-560 
diapiric folds in, 253 
Moldavia district, 559, 560 
oil and gas fields, 4, 558 
production, 557, 558 
salt beds in, 260, 262 
Transylvania district, 559 
Walachia district. 559, 560 
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Russell, R. Dana, 13 
Russell, W. L.. 155 
Russell Ranch oil field, 493, 507 
Russia (see Union of Soviet Socialist Re¬ 
publics) 

Sabine Pass oil held, 416 

Sabine uplift, 406 

Saj^inaw oil held, 372 

Saint Marrel oil held, France, 569-570 

Sakhalin Island, 592 

Salem anticline, 363, 367-368 

Salem oil held, 366 

Salina basin district, 384 

Salinas Valley, 507, 618 

Salt: 

liriiie wells, 3-4 
exirusinii, 247 
llowa^c, 262 
glaciers, 247 
plastic how of, 215 
lock, 2 

Sail aniiclincs, 247 
Salta oil Helds, Argentina, 547, 548 
Salt collapse structures, 214 
Sall-cnre structures, 235-275 
cap rock prodiution, 271 
classification of, 217, 253 
Hank production, 271-275 
(iulf Coast, 256-275 
age of, 260, 262-265 
oil trapping by, 265, 271-275 
origin of, 260-265 

positions of oil and gas dejiosils, 274 
in Africa, 256 
in Fiirope, 253-254 
in Mexico, 253 
in Middle Fast, 256 
in United Slates, 253, 256-275 
in Utah and Colorado, 254 
noii-Ciilf Coast, 253-256 
iiDn-picrceiiierit, 247, 252, 253 
pierccmeiii, 247, 252, 253 
super-cap accumulation, 271, 275 
Salt Creek oil held, 281. 475. 477. 479, 
480, 493. 505 

Salt domes. 2, 176-177. 234, 253 
Gulf Coast, 256-275 
origin of keystone grabens in, 261 


Sail domes (coni.): 

Dverhanging, examples of, 258 
piercemeiU-iype, 46 
Samples. 63-69 
cores, 59, 63, 65-67 
cuttings, 59, 63-65 
gas, 69 
log books. 71 
oil, 68 
water, 67 

San Ardo field, 507 

Sand Creek oil field. 177, 478 

Saiulers. C. W., 209 

Sai.ileis, J. M.. 132 

Sanrl Flat oil held, 406, 409 

Sand reef. 290 

Sands: 

Cut Hank, 293 
ill oil and gas. 107-108 
shoeslring, 168, 177. IH4. 193, 291. 292. 
293-291 

slray. gas producing. 2.92 

tar, 164, 511 

Sandstone leservoiis, 190 195 
Saiidsioiies. 70, 168. 190 
CDm|)ressiliilily of, 178 
leniiciilai. 193, 291-293 
sheet, 193 
tight, 1.92 

Sangagaiiga oil held, Horneo, 598, fiOO 
San |oai|iiiii oil field, Vcne/iiela. 212-213, 
532, 539 

San Joaipiin V.illey, 176, 185 
San Jiiaii oil held, 468, 487, 189 
Sail Pedro oil field, .Aigeniiiia, 216-217, 
547, 51H 

Santa Ana oil held, Veiie/iiL'Ia, 532, 539 
Santa Harhara-Jusepin oil field, Vene¬ 
zuela, 532. 531 

Santa Fc Springs nil held, 239-240, 490, 
493. 496. 497 

Santa Maria Valley nil field, 190, 500 
Sanliago pool, 504. 505 
Saratov oil fields, U.S.S.R., 564, 566 
Sarawak, 597 
.Sass, L. C., 109 
.Sail! rati on studies, 66 
Saiiili .Arabia, 575-576 
oil rield.s. 574 
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Saxet oil fields 417, 422 
Scheerhorn oil Held, Germany, 568 
.Schenek, Hubert G., 10 
Schist, fractured, 20J 
Schleswig-Holstein oil fields, Germany, 
568 

Schoonebeek oil field, the Netherlands, 
571 

Schuler oil field, 448, 451 
Scolland, 571, 628 
Scralchcr electrodes, 75 
Scurry County, Texas, 195 
Sca-floor muds, 145, 147 
Seal: 

asphalt, 805 
overlap, 305. 310-314 
solid liydrocarbon, 305, 310 
Sealing, varying pL'imeability due to 
truncation and, 304-31 1 
Secondary recovery inelhods, 620-625 
Sedgwick basin, 383-381 
Sediniciit: 

deposition of, 113-M7 
organic, burial of, 150-158 
Sedinienlary basins, 327-32H 
of United Slates, 610 
of world, 606 

Sedimeiilary incks, oil and gas froin, 133 

SediincnUiliou, 10, 1 12-147 

Scdiiiienlulogisi. 65 

SecligsDii oil field, 417, 418 

Seepage, iiaiisverse, 24 

Seep oil, 3, 4, 68 

Seeps: 

active, or "live," 22 
gas, 21 
oil. 21 

use of, ill oil finding, 23-24 
Seismic surveying, 47-50 
iiiethods of, 18-49 
Poulter process, 49-50 
Scisiiiograpli, 437 

as prospecting tool, 403 
Seisniograpliic survey, 41, 47 
Sellards, E. H., 201 
Seminole district, 58, 395 
Seria oil field, Briiiiei, Boriieo, 598, 599, 
600 

Sespe red beds, California, 182 


Settling, 212 

Seymour oil field. 423, 425 
Shale, 70, 171 
fractured, 200 
Pierre, 285 
Shale oil. 132 

Shaw'neetown-Rough Creek fault zone, 
350 

Sheet sands, 193 
Shensi province, China, 171 
Sheppard, C. W., 133 
Sherman oil field, 372, 375 
Sherrill, R. F., 295, 304 
Shinnstori nil pool, 346 
Shoestring sands, 168, 193. 291 
fields, 1 81 

in Kansas anti Oklahoma, 292. 293-291 
pools, 177 

Sholeni-Alecliein oil fiedd, 389, 398-399 

Shongaloo oil field, 410 

"Shoran" surveying, 49 

Siberia, reserves in, 619 

Silica field, 379, 385 

Sillinian, Benjaiiun, 4, 5, 68 

Silurian reservoirs, 206 

Siluro-Devoiiinii reservoir. 206 

Siin})snn reservoir, 399 

Siiiu oil field, Colombia, 512 

Sissonville gas field, 341 

Skeeicrs. H. \V., Ml 

Slaugliter-Lcvcland oil field, 427. 128 

Slickensides, 211 

Slick Wilcox oil field. 417, 120 

Slim hole drilling, 10—11 

Sinackovei oil field, 262, 448, 450 

Sinilli, William A., 4 

Smyres field. 379 

Snider, L. C., 170 

Society of Exploration Geophysicists, 42 
Soil analysis, methods of, 25-29 
Solid hydrocarbons. 127-128 
Solution porosity, 197 
Sound wave logging, 85 
Source beds in oil fields, 168-172 
Sour gas, 107 
South America, 526-556 
references, 526 
reserves in, 613, 618-619 
sedimentary basins and oil fields, 527 
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South Atlantic coastal plain, 331 
South Burbank oil fiehl, 3H9. 393 
South Cotton Lake oil field, 413, 416 
Southern Field, Mexico, 196 
South Fork oil field, 477, 478 
South Grocsbeck oil field, 407, 408 
South Hugoton gas field, 431, 433 
Southwestern Geological Society, 10 
Spacing of wells, 110-112 
S|jecirocheiiiical logs, 85 
Spenccr-Richardson-Bee Rull-^ ellow 
Creek oil and gas I rend, 316 
Spindletop oil held, 7, 266-267, 271, 100, 
412, 413, 414. 434 
Spring Hill oil field, ('diilc, 551 
Springs, mud, 23 
Siadiiiclieiiko. Taisia, 112, 319 
Siaiulaid oil field, 136. 4 13 
Sieainlioai Biitie nil field, 477, 480 
Slepheiis oil field, 118, 150 
Stockpile, oil, 15 
Slones River discoveiy, 353 
Sioiiy Creek oil and gas field, Canada, 
511, 514, 517 
Si out, AVilber, 359 
Siraligraphic-Map finding. 31 1316 
Straiigrapliic traps, 208, 612 
Siraligrapli), 10 
Strikes, Fast Fexas, 109 
Slruciural leliel, defined, 207 
Structural trap finding, 285 
Struciiiral naps, 612 
Structure conioui ma|js, 36, 86 
Structure diorama, 96 
Siilmiai'ine sin^e)ing. 31, 33 
Siibsinface geology, 12. 21, 36-96 
core drilling, 37-41 
cross sections, 93-96 
drilled wells, 50-63 
exploration geophysics, 41-50 (sue also 
Kxploralion: geophysics) 
maps {see Maps; subsiirrace) 

Subsurface laboratory, first. 10 
Sudr oil field, Egypt, 574 
Sugarland oil field, 413 
Sugar oil held, 436, 441 
Sulfur, 2, 265 
Sumatra, 596, 597, 598, 599 
Sunniland oil held, 461, 462, 463 


Sunset oil field, 490, 493 
Super-cap accuiniilaiion. 271, 275 
Surface exploralion, 13, 21-36 
direrl indications, 21-23 
geological surveying. 29-31 
in Gulf Salt Dome Frovince, 24-25 
maps, 13. 31-36 
soil analysis, 25-29 
use of sccjis in, 23-24 
Surveying: 
cl eel rill] ic. 49 
gcogi a pineal, 29-31 
ollshoie, 45-16, 17 
p^rnin 1 aissame. 29-31 
Sutei. H. H.. 91 
Swaiihing pi ocess, 98 
Synclinal Haps, 234. 235 
Syngenctic nil. 137-139 
SyiUhelic hyilrocarbons, maniiraciure of, 
627-631 

Syiuhetlr piirideimi: 
from coal, 630-(i3l 
from shale. 628-630 

Talang-Akai-J'enilopa nil field. Simla 
iia, 598, 600 

ralang Djiinar oil fiehl. Siimalia, 598. 
600 

I'alco oil Held, 2/8, 280. 281-282. 406. 
407 

4'ampiio ilisiriii, Mexico, 522-524 
Tarakan oil field, Borneo, 598, 599, 600 
Tarkio |><>ol, 386 

T'arra grimp oil lielils, Veniv.nela, 532 
1 ar Springs sandslone, .368 
7'alimis oil field, 389 
Tectonically depiessed areas, 330 
Tectonic controls, occurrence of nil anil 
gas, 327-333 
lisied, 328 
references, 331, 333 

1 elinaniepec, Isthmus of. 247, 253, 255 
7'ciiihladur-rticupila oil licdil, Veiie 
zueia, 532, 534 
Temperature logging, 85 
Temple oil held, 372, 375 
Tennessee, 352-353 
index map, 353 
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Topctate type structure, 275, 437 
Terrace traps, 234 
Tertiary reservoirs, 204-205 
Tcstfn^lf: 

drill-stem, 98-9.9 
for initial production, 97-99 
Texas. 399-433 
af^e of reservoirs in, 403 
district map, 404 
f'af^le lord source rocks of, 170 
Kasl, 183-184, 405-412 
^geophysical prospect in;; in, 403-404 
i;;iicoiis rock reservoirs, map, 202 
index maps: 

Fast 'I'cxas, 406 
Panhandle district, 431 
Sniitheaslerii I'cxas Gulf Coast, 413 
Southwest Texas. 417 
West 'Fexas, 427 
Meso/oic and Ceno/oic, 400 
North and West faailral, 122—125 
oil districts, 404-105 
oil iniluslry in, dcvelo|jioenl of, 100 
Paleozoic, 100 

Paidiaiidic, 172, 313, 400, 404, 430-433 
production, 399, 100 
■Salt Dome Province, 412 
Southeastern, (iiilf Coast, 412-416 
Southwest. 116-122 
structuial features of, 400-103 
West. 42.5-130 
I'extural standard, 71 
Thomas, 11. D., 478 
rhoin))son oil held, 413, 414 
riioms, C. C., 498 
riioriiim, 156 
Thrall oil field, 416, 417 
rhiiriii;;ia, Perniiaii salt basin in, 568 
I'ia Juana oil field, V'eneviicla, 532 
rihii oil field, Colombia. 542, 545 
Tierra del Fuego, 554, 555 
I iflis area, IJ.S.S.R.. 565 
rime, geologic, factor in oil generation, 
137-142, 157-158 
Time logs, 72-73 
I'insley oil field. 452, 455, 457 
Titusville, Pennsylvania, 5 
Tliouanel oil field, Algeria. 595 
Todd oil field, 291, 427, 429 


Tom O'Connor oil field, 417, 418 
Tonkawa oil field, 37, 389, 396 
Topographic maps, 34 
Torrance oil field, 490, 493 
Townsend, James M., 4, 5 
Training, for petroleum geology, 15 
Trans-Caspian district, 565, 566 
Transverse migration, 180, 181-183 
Transverse seepage, 24 
Transylvania district, Rumania, 559, 560, 
561 

Trapp field, 379, 385 

Trapping, by up-dip shaling, 293, 296 

Traps: 

accumulation, 207-324 
anticlines, 226-235 
barren, r^auses of, 321-324 
classification of. 207-210 
combination, 208 
facies change, 293-298 
faults, 275. 278-281 
fissures, 281-285 

folds, 208, 210-251 (sfr also Folds) 
multiple, 208 

s.'ilt-core stnictiires, 235-275 
single, 208 

Sirat igrapliic, 314-316 
stnictiiial, 208, 210, 329 
finding, 285 
synclinal, 234, 235 
terrace, 234 
iransiciiL, 321 

varying-perineability, 286, 329 
young, old oil caught in, 319 
Trask, Parker D.. 138. 140, 143-146, 157. 
170 

Traverse pool, 375 
Travis oil fields, 201 
Travis Peak reservoir, 456 
Triassic reservoirs, 205 
Tri-County oil field, 299. 361. 362 
Trinidad. 528-530 
index map, 529 
pitch lake of, 528, 529. 532 
production, 528 

Truncation, varying permeability due 
to scaling and, 304-314 
Tselfat oil field, Morocco, 595, 596 
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Tupungato oil field, Argentina, 2H1. 547 
I’ui’key, oil fields in. 574 
4'urkmen oil fields, II.S.S.R., 564 
Turner Valley oil field, Canada, 197, 514, 
515, 516 

Tuscaloosa reservoir, 411 
Twenhofel, W. H., ZHO 
I'yler basin, 184, 407, 409 

IJddcn, J. A.. 10 
Uinta basin, 473, 474, 187 
Ukraine oil fields, 565, 566 
Undiscovered liori/oiilaL reserves, 611- 
6Z0 

Undiscovered hydrocarbon deposits, 60K- 
6Z0 

Union oi' Soviet Socialist Rcpul^lics, 560- 
567 

Asiatic, 565 

Caucasian district, 565-566 
districts, 565 

Euro[jean, nil and gas fields, 563 
oil reserves in, 605, 613 
production, 50(K'ifil 
salt-core structures in, 254 
western: 

index map, 564 
tectonic map, 562 
United States: 

salt core siriictiircs in, 253, 256-275 
sedimentary basins in, 610 
Ibiiled States llureau of Mines, 12, 110 
United States Geological Survey, 10 
research studies by, 143 
Uniti/ation, 112-113 
University oil field, 436, 445 
Up-dip shaling, trapping liy, 293, 296 
Upfolds (see Anticlines) 

Uplift areas, 329 

Ural oil fields, U.S.S.R., 566 

Uranium, 156 

Urlianization. and petroleum industry, 4 
Utah. 486-189 
index map, 487 
oil shale deposits in, 629 
salt aire structures in, 254 
Utc oil field, 466, 467 

Valaczza oil field, Italy, 572 
Valuation of oil property, 115-120 


Valiiatioii of oil properly (coni.): 
gas reserves. 119-120 
oil reserves, 115-119 
Van del Crachl. \V. A. J. M.. 143, 144, 
15.3. 330 

Van oil field, 406, 409 
Van Tuyl, F. M., 137, 138. 110. 1 11. 320 
Varying permealnlily traps. 286-31 1 
due to groiind-water activity, 298-301 
due to 11 lineal inn and sealing, 304-314 
farie-s change, 29.3-298 
lenticular >iandsloiies, 291-293 
reefs, 286-2!)I 

Velasrpiez oil field, Goloinbia, 542, 511 
Velma oil licld, 389, 398 
\enango sand pools, 310 
Venezuela, 530-510 
llermudez Lake, 22 
easieni disiiiii, 537-510 
fault trajiping in. 280, 318 
index map, 532 
Lake Maracaibo area, 531, 533 
oil and gas liehls, 531 
proihiction. 530-531, 531 
sediinenlary basins, 530 
lerlonir liasins, 533-531 
traps, types of, 533 
western district. 531-537 
\'eiitura aiiiicJinc, Galifornia, 317 
X'entura Avenue oil liehl, 193, 196, 198 
Vermilion Hay oil field, 136 
Vertical migration, I HO, 212-215 
\'er Wiehe, \V. A., 329 
Vienna basin, Austria, 571 
\'iiiloii nil field, 436 
Vinton salt dome, 1.35 
Viola reservoir, 381 
Virginia, 317-318 
index map. 348 

Virgin River oil field, 487, 489 
Volcanic rock, 201 
\'olga oil fields, U.S.5.R., 566 
Volurneiric iiielhod of estimation, 117- 
118 

Voshell field. 379. 383-384 

Wadi Feiran oil field, Egypt, 574, 594 
Walachia district, Rumania, 559. 560 
Waldsciimidt, W'. A., 103. 132 
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Wallace. W. E., Jr.. 260 
Walnut Rend oil field. 423, 424 
Wallers, Rubert F., 317 
Wapanucka rormniiDii, 246 
Washinf^lon, Pennsylvania. H 
Washington stale. 507-50H 
index map. 50B 
Wasson oil field. 427. 42H, 430 
Wastage: 

of development costs, lOH 
wild well, 108 
Water: 

coiinale. 180 

displaced, disposal of, 180 
Iresli, pollution of, lOH 
ground, 159 
in natural gas, 107 
Water drive, 105 
Water fioniliiig, 334-335, 623 
Water input wells, 335 
Water samples. 67 
Waxes, mineral, 127 
Weaver. Paul, 66 
Weber quari/ilc, 12 
Webster oil field, 113, 414 
Weeks, L. C., 1 II, 328, 330. 606, 607 
Welch field, 37!l 
Well spacing. 110-113 
Wells: 

drilled, 50-63 
[Irilling of. 3 
oil [see Oil wells) 

West Clai Canyon oil field, 493, 500 
West Kdmond oil field. 310-311, 389. 

396, 399 
West Indies: 
pilch lake in, 22 

sedinienlary basins and oil fields in, 
519 

West Pampa oil field, 432 
West Ranch oil field, 117, 420 
West Tcpelate field, 275. 276-277, 436, 
438 

West V'irginia. 343-347 
abandonnieni of wells in. 344 
first wells in, 343-344 
gas fields in, 343, 344, 345, 346-347 
index map, 345 
oil fields in. 343-346 


West Virginia (cont.): 
production, 343 
synclinal pools of, 346 
AVet gas, 106 
Wewoka formation, 246 
Whale oil, 132 
Whaling industry, 4 
Wheat oil field, 235. 248-249, 427, 429 
Wherry field, 379 
Whipstock, 59 

White. Charles David, 153, 162, l70 
White, I. C.. 8, 9 
White Oak gas field, 448, 449 
Wildcat well, 97. 189 
Wild wells, 59 
Williamson oil fields, 201 
Willislon Rasin. 331, 617 
Wilniingtoii oil field, 493, 496, 497 
Wilson, W. n., 207, 208, 209. 235, 286. 
287 

W^ilson Creek oil field, 471, 472. 474 
AVinchell, Alexander, 8 
Winterfield oil field, 372, 375 
Wisconsin shield, 380 
AVooribine sand, 102 
AVoodsidc gas field, 487, 489 
AVorland oil field, 477, 478 
AVorld, sedimentary basins of, 606 
AVortham oil field, 278. 407, 408 
AVu, C. C.. 138 
AVyckoir. R. D., 46. 47 
AVyoming, 474-481 
index map, 477 
oil shale deposits in, 629 
production, 474-475 

Xcnoliths, 265 

Vahase oil field, Japan. 590, 591, 592 
Vales oil field, 127. 428 
Venangyaung oil field, Riirma, 588 
Viicatun basin, 331 
Yugoslavia, 572 

Vumen oil field, China, 588, 589 

Zechstein Rasin, Germany, 253 
Zenith field, 379. 384 
Zimmerly, S. R.. 157 
ZuRell, Claude. E.. 147, 148. 149 
Zorritos oil field, Pern. .549, .5.50 






